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PREFACE

It is truly an honor and privilege to provide this preface to the Proceedings of the Seventh International Pneumoconioses
Conference which was conducted in Pittsburgh, Pennsylvania during August 23-26, 1988. This symposium, only the seventh
such conference since 1930 and the first to be held in the United States, was conducted under the joint sponsorship of the
International Labour Office (ILO), the National Institute for Occupational Safety and Health (NIOSH), the Mine Safety
and Health Administration (MSHA), the Occupational Safety and Health Administration (OSHA), and the Bureau of Mines
(BOM).

The Pittsburgh Conference was attended by over 1000 participants from 50 countries. The symposium call for papers was
issued in 1987 and invited submission of abstracts focusing on research and scientific expertise on the pneumoconioses and
other occupational respiratory disease. The response was truly gratifying and resulted in the acceptance of over 275 papers
for presentation in various scientific sessions and workshops and 124 papers for presentation at poster sessions. The Pro-
ceedings (Part II) now in your hand contains over half of those presented at the Conference.

It is my pleasure to acknowledge with gratitude the invaluable assistance of the many individuals and organizations which
contributed to the planning, conduct and follow-up of this Conference. The International Organizing Committee was ex-
tremely helpful in developing the framework of the Conference. Special thanks to the National Organizing Committee who
generously gave of their time and talents so that this Conference was truly representative of an event of its preeminent stature.
1 wish to publicly thank Mr. John Pendergrass, Assistant Secretary of Labor, OSHA and Mr. David Taylor, Deputy Director
General, ILO for their inspiring keynote presentations; to Dr. J. Donald Millar, Assistant Surgeon General, Director of the
National Institute for Occupational Safety and Health, Mr. Lynn Williams, International President, United Steel Workers
of America and Dr. Bruce Karrh, Vice President, Safety, Health and Environmental Affairs, E.I. Dupont de Nemours Co.,
USA for their incisive overview presentations; and to the many staff of NIOSH who worked tirelessly in the conduct of
the Conference. All were important partners in this enterprise.

But there could have been no successful venture without the enthusiastic and committed support of two people. Dr. Jack
Berberich who when called upon at a critical time served both as Executive Secretary-General of the Conference and Editor-
in-Chief of these Proceedings and Mr. Georg Kliesch, ILO.

Part ITT, summaries of Work Group Sessions I-VI, will be printed under separate cover. On behalf of the International and
National Organizing Committees, the five sponsoring organizations, these Proceedings (Part 1) are presented with the hope
that you will find them as rewarding as your participation in the Conference.

e

Edward L. Baker, M.D., M.P.H.
Chairman
VIIth International Pneumoconioses Conference

Georg Kliesch d.
Vice Chairman
VIIth International Pneumoconioses Conference
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BIOLOGICAL EFFECTS OF SHORT FIBERS

J.C. WAGNER

Animal Models—Pneumoconiosis 1

MRC External Staff Team on Occupational Lung Diseases, Llandough Hospital, Penarth,

South Glamorgan, South Wales

Evidence implicating fibre diameter in the development of
mesotheliomas and pulmonary fibrosis is now generally ac-
cepted but the contributicn that the length of mineral fibres
makes is not so well established. As the difference in length
of fibres found in the urban situation, and that in the occupa-
tional and para-occupational environments is revealed, so the
importance of length may increase. Our investigations,
reported here, confirm the concept that fibre length is a signifi-
cant factor in the development of these asbestos related
diseases.

Timbrell! illustrated that the maximum diameter of a fibre
that could be inhaled into the parenchyma of the lung was 3.0
pm. This has subsequently been confirmed in both man and
experimental animal, although fibres above 2.0 um diameter
are uncommon. The length/diameter characteristics were
clearly defined by the experimental studies of Stanton,?
Pott,> and Wagner* et al. These investigations confirmed that
fibres of 0.25 um in diameter and about 8 um in length were
associated with mesotheliomas, whereas the coarser fibres of
between 1.0-3.0 um in diameter and of 8 um in length were
probably responsible for pulmonary fibrosis.

Our investigations on tremolite exposure in both men and ex-
perimental animals® have contributed to clarification of the
different fibre diameter associated with these different lesions.
However, our statement that the shorter fibres physical forms
are relatively innocuous was challenged with the request to
define “‘relative.’” It was hoped that our experiments with
Oregon erionite would satisfy the critics. In these studies we
showed that the relatively long erionite fibre produced a 100%
incidence of mesotheliomas following exposures, both by in-
trapleural and inhalation exposures compared with no tumours
being produced when a non-fibrous synthetic erionite was
used. This established that the mineral fibres and not the
chemical constituents were responsible for the lesions. The
critics pointed out that the control material was non-fibrous
and that we had not proved that short fibres within the ex-
perimental material were relatively innocuous. Therefore, to
answer their queries we would have to produce dust samples
of long and short fibre in sufficient quantities for both implan-
tation and inhalation studies. In our investigations in order to
produce both tumours and fibrosis by inhalation, the exposure
must last twelve months and needs 2 kilograms of dust. Hither-
to production of asbestos fibre of specific length has not been
successful and milling crocidolite has usually resulted in the
short fibre being reduced to non-fibrous particles. Alternative-
ly, in an attempt 1o produce crocidolite < 5.0 in length, for
an intrapleural study, it was found that there were no long

fibres seen in the pre-inoculation dust, but there were long
fibres retained in the granulomas? (thus illustrating our
theory about the selective retention of fibre).

We decided to use Oregon erioniteS because of its friable
nature and Mr. J.W. Skidmore was successful in producing
sufficient quantities by precise milling over a very short time.
A similar preparation was made with UICC crocidolite. Final
assessments of the success of milling could only be made on
fibre measurements at the end of the experiment, on the lungs
from the inhalation study, and pleural granuloma from the im-
plantation investigation. The other two samples used were the
longer erionite as prepared for the original experiment, and
standard UICC crocidolite for long crocidolite. It was ac-
cepted that these were mixed length samples, with sufficient
long fibre to produce lesions. The dust for the short fibre was
prepared by disc milling. By making empirical decisions, only
fibres <5 microns in length were found using the following
strategy of 10 sessions each of 10 seconds duration, the mill
being opened after each session and the dust redistributed. The
inhalation® and intrapleural® methods have previously been
described, as have the characterisation of the dust clouds and
the respirable inoculated materials. The animals used were
SPF Fischer F344 rats (caesarian derived, barrier maintained,
and free from disease as shown by random culling). Eighty
rats of each sex for the inhalation study and 64 of each sex
for intrapleural inoculation, were randomly allocated, in equal
numbers, to the 4 treatment groups. Post mortem and
histological examination were carried out.!® The fibrosis
grading!! is standardised on an internationally accepted
scale: Grade 1 normal; 2 dust in macrophages; 3 early in-
terstitial reaction; 4 first signs of fibrosis; 5, 6, 7 increasing
degrees of fibrosis; 8 severe fibrosis. The only other lesions
noted were 1 Bronchiolar hyperplasia; 2 mesothelioma. Final-
ly, characterisation of the fibres was carried out; recovery
methods were used on a known weight of lung tissue from the
inhalation; and tissue from the granuloma from the intra-
pleural experiment.

RESULT

Dust Studies

Measurements were carried out on the four dusts recovered
after 24 months, i.e. exposure period of 12 months and a fur-
ther survival time of 12 months. Our findings substantiated
the previous experimental results on the retention of the longer
fibres after inhalation. It also demonstrated our success in the
production of fibres in the size ranges required. Figure 1 and
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SHORTEMED CROCIDOLITE

Figure 1. Fibre recovered from rat lung after 24 months.

Tables I and II show the fibre recovered from the lungs of
animals after a period of 24 months. It can be seen from the
electron micrographs taken of the shortened material the com-
plete absence of any fibres with lengths greater than 5 microns.

DISCUSSION
We were endeavouring to answer two questions:—

1. Isitpossible to show by animal experimentation that below
a minimum length, fibre of standard diameter does not pro-
duce mesotheliomata of significant pulmonary fibrosis,
whereas longer fibre of similar type are capable of their
production?

2. What is the critical length of fibre?

Minimum Length (1)
We have succeeded in answering the first point, but have not
been able to define the critical length of fibre as required in (2).

In the intrapleural inoculation study we were able to produce
over 90% of tumours in the animals exposed to either of the
long fibre dusts. Using the short fibre a single mesothelioma
was produced with the crocidolite sample, no tumours oc-
curred in the animals exposed to the erionite.

The inhalation experiment produced the expected tumour in-

cidence of over 90% of the animals, exposed to the erionite,
which had survived for a sufficient time period to develop
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mesotheliomas. It must be remembered that there had been
a serial killing of animals at an earlier stage for the inhala-
tion study which substantially reduced the number surviving
for more than one year. The long crocidolite only produced
a single tumour. This confirmed the importance of using the
Oregon erionite material, as the crocidolite produced too few
tumours for comparison with the short fibre results. No
tumours occurred in the animals exposed to either of the short
fibres.

The inhalation smdies demonstrate that in the animals exposed
to the long fibres minimal fibrosis occurs, whereas the short
fibres only produce a tissue reaction.

Critical Length (2)

Production of fibre below 5 microns and to include a suffi-
cient number of fibres in the 3-5 micron range proved to be
extremely difficuit. This is because a decrease in the milling
time led to the appearance of fibres greater than 5 microns in
length. The result of this difficulty was that the majority of
the fibre used in the short samples was below 3 microns whilst
still retaining the fibrous nature of the material. This was also
apparent in the material recovered from the lungs of the
animals. Very occasional longer fibre was found in the short
crocidolite. This could account for the single mesothelioma
seen in an animal exposed to this dust. These results proved
that the milling was successful. In a previous experiment with
milled dusts a large number of mesotheliomas were in-
duced.” This was thought to be due 10 a long fibre component



Pathology

Intrapleural Inoculation

Animal Models—Preumoconiosis [

Dust Mesothelioma Non-mesothelioma
UICC
Crocidolite 24 8
Shortened
Crocidolite 1 3
Erionite 30 2
Shortened
Erionite 0 3z
Inhalation
Fibrosis Cradings
4 rats/sscrifice Tumours Totsl
Excl.
3 6 12 24 Sacrif
mths, mths. mths, mths. Meso. BAH :

uIicec
Crocidolite 2.9 3.0 4.1 3.9 1 2 24

Shortened

Crocidolite 2,0 2,0 3.3

Erionite 2,4 3.0 4.0
Shortened
Erionite 2.9 3,0 3.0

2.8 0 0 24

4,0 24 2* 27

34 0 1 24

* | animal only remained for sacrifice

* 2 bronchiolar alveolar hyperplasia with mesothelliomas

remaining in the dust.

As in previous investigations, the animals treated with the long
fibre dusts tended to selectively retain the longer fibres. In the
inhalation study, it was of importance to see how little long
erionite was retained in the lungs of the animals, as others with
this exposure developed the tumours.

Attempts should be made to produce a more satisfactory short

crionite sample closer to 5.0 microns in length. All investiga-
tions have failed to produce a satisfactory sample from am-
phibole asbestos. It is possible that by using more complex
methods a small sample sufficient for the implantation study
could be produced. When this was done using glass-micro
fibre the cost of production was extremely high, and no at-
tempt was made to produce a larger sample of inhalation
experiments.
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Table I
Inhalation Experiment
Percentage and Number of Fibres in Defined Categories
per Gram of Dried Lung Tissue (X 105)

Fibre Size
(Fm) 3 months 6 months 12 months 24 months
L. D.
0.3 % 1.2 % 0.6 2 1.0 %
3-5 «<0.5
SHORT 7.0 * 42.6 * 47.9 = 63.0
CROCIDOLITE 10.3 % 29.1°% 15.3 % 15.1 %
> 1 < 0.5
231.3 * 1033.1 * 1221.6 * 948.6 *
1.6 % 2.8 % 3.2 % 5.8 2
> 6 < 0.5
LONG 425.5 * 991.7 * 1427.1 * 2529.3 *
CROCIDOLITE p 0 3.0%2 4.8 2 5.2 X 8.4 2
- < 0.
797.9 * 1712.9 = 2319.0 = 3663.1 *
* No. of fibres
REFERENCES Davies, R., Griffiths, D.M.: Biological Effects of Tremolite. Br. J.

1.
2.

Timbrell, V.: The Inhalation of Fibrous Dusts. Ann. NY Acad. Sci.
132:255-273 (1965).

Swnton, M.F., Layard, M., Tegeris, A., Miller, E., May, M., Morgan,
E., Smith, A.: Relation of Particle Dimension to Carcinogenicity in Am-
phibole Asbestoses and other Fibrous Minerals. J. Natl. Cancer Inst.
67:965-975 (1981).

. Pott, F.: Some Aspects on the Dosimetry of the Carcinogenic Potency

of Asbestos and other Fibrous Dusts. Staub-Reinhalr. Luft 38
(12):486-490 (1978).

.WagnchC Berry, G., Hill, R.J., Munday, D.E., Skidmore, J.W.:

Animal Experiments with MMM(V)F Fibres—Effects of Inhalation and
Intrapleural Inoculation in Rats, WHO.IARC Biological effecis of man-
made mineral fibres. Proceedings of WHO/IARC Conference,
Copephagen, 20-22 April 1982. pp 209-233 (1984).

5. Wagnper, J.C._, Chamberiain, M., Brown, R.C., Bary, G., Pooley,F.D.,
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10.

Cancer 45:352-360 (1982).

. Wagner, 1.C., Skidmore, J.W., Hill, R.J., Griffiths, D.M.: Erionite

Exposure and Mesotheliomas in Rats. Br. J. Cancer 51:727-730 (1985).

- Wagner, J.C., Griffiths, D.M., Hill, R.J.: The Effect of Fibre Size on

the In Vivo Activity of UICC Crocidolite. Br. J. Cancer 49:453-458
(1984).

. Wagner, J.C., Berry, G., Skidmore, J.W., Timbrell, V.: The Effects

of the Inhalation of Asbestos in Rats. Br. J. Cancer29 252-269 (1974).

. Wagner, J.C., Berry, G.: Mesotheliornas in Rats following Inoculation

with Asbestos. Br. J. Cancer 23:567-581 (1969).

McConnell, E.E., Wagner, .C., Skidmore, J.W., Moore, J.A.: A Com-
parative Smdy of the Fibrogenic and Carcinogenic Effects of UICC Cana-
dian Chrysotile B Asbestos and Glass Microfibre (IM100). WHO/IARC
Biological effects of man-made mineral fibres. Proceedings of
WHO/IARC Conference, Copenhagen, 20-22 April 1982. pp 234-252
(1984).
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Table O
Inhalation Experiment

Percentage and Number of Fibres in Defined Categories
per Gram of Dried Lung Tissue (% 10%)

Fibre Size
(Fm) 3 months 6 months 12 months 24 months
L. D.
1.0% 1.7 2 0.3 % 0.6 %
< 0.5
SHORT 3_5 2.4 * 8.5 * 9.1 * 6.3 *
ERIONITE 32.0% 37.2 % 37.9 % 39.7 %
> 1 < 0.5
77.1 = 186.0 * 1154.4 * 449.3 *
7.0% 5.8 % 5.0 2 7.0 %
> 6 < 0.5
LONG 130.0 * 350.9 * 419.1 * 350.8 *
ERIONITE 15.5 % 16.3 % 17.0 2 15.3 %
-6 <«0.5

287.9 * 921.6 * 1424.8 * 764.3 *

* No. of fibres
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EXPERIMENTAL STUDY OF FIBROSIS EFFECT OF POLYPROPYLENE
AND POLYETHYLENE DUST ON RAT LUNGS

LId ZHUAYUAN + Fang Yuxiang * Yie Fengting * Xiao Chunyuan

Liaoning Institute of Labour Hygiene, P.R. China

Polypropylene and polyethylene are all high molecular com-
pounds and typical synthetic organic substances. To research
the fibrosis effect of the dust of these two organic substances,
experiments have been respectively carried out on animal—
the rat. 500 mg of dust was respectively injected intratracheal-
1y into each of 134 rats (half male and half female), and obser-
vations were carried out for 18 months. The results of the ex-
periment showed that the main change of pathological
histology in the early period was the granulomatosis foci
caused by the dust (the polyethylene dust group showed
foreign body multinuclear giant cell granuloma) and the
hyperplasia of recticular fibres. 18 months after dust injec-
tion both experimental groups were found to show pronounced
hyperplasia of reticular fibres inside the foci and around the
bronchi and presence of collagen fibres. The content of col-
lagen protein in the whole lungs is higher than the
physiological saline control group. Therefore, the authors
consider that the dust of polypropylene and polyethylene has
a light fibrosis effect on the rat lungs.

INTRODUCTION

Polypropylene and polyethylene are petroleurn chemical prod-
ucts which are high molecular compounds obtained by
polymerization of propylene and ethylene. They are solid
powder in milky colour without poison and odor, insoluble
in water at normal temperature, acid and corrosion resistant
and good in insulation. Along with their wide use and rapid
increase of output, more and more workers have the chance
to be in contact with the two kinds of dust in production. The
report has not yet been witnessed as to whether the dust of
polypropylene and that of polyethylene can cause fibrosis. In
order to study the fibrosis effect of polypropylene and
polyethylene dust, experiments have been made on the animal
and the results are as follows.

METHOD OF EXPERIMENT

1. Preparation of dust: The fresh dust is obtained from the
workshop producing polypropylene and polyethylene
from a chemical fibre company. In the dust no quartz
was detected by an X-ray diffractometer, and the dust
was classified by a Barkhausen-Kurtz type centrifugal
classifier so that 80% of the dust was of the grain size
under 5 microns. The dust was then sterilized by
ultraviolet rays for 2 hours. Quartz dust for control was
provided by the Labour Hygiene and Occupational
Disease Research Institute under the Chinese Academy
of Preventive medicine.

2. Animal selection and grouping: 134 wister rats were
selected and divided at random into 4 groups
(polyethylene group, polypropylene group, quartz con-
trol group and physiological saline control group).

3. Dust injection into the aniral: 50 mg of physiological
saline suspension solution, with a small amount of tween
added, was injected at a time intratracheally. Then
observations were carried out in turn respectively 1, 6,
12 and 18 menths after dust injection. The animal was
killed with the head cut off after slight anesthesia. The
right lung was kept for collagen quantitative analysis.
The left lung and hilus lymphonodi, after fixation, paraf-
fin embedding, sectioning and staining with HE, Foot
and VG, was subject to observation for histopathology.

RESULTS OF EXPERIMENT

Visible by the Naked Eye

1. Quartz group: 1 month after dust injection the hilus lym-
phonodi were as big as a soya bean or a broad bean. The
surface of the lungs were found smooth. On partial lungs
of most cases were found to have milk-white sections
of different area, of which the surface was full of bumps
and holes and felt hard as to have sand grains. 6, 12 and
18 months after dust injection, the above changes
gradually became greater,

2. Physiological saline group: During the experiment, the
hilus lymphonodi were all as big as a rice grain. The sur-
face of the lung tissues were found smooth, soft and
elastic,

3. Polypropylene and polyethylene groups: 1and 6 months
after the injection of dust, the hilus lymphonodi of both
groups were of rice size. The lung tissues were soft and
elastic. 12 and 18 months afier dust injection, the lung
tissues were still soft and elastic. Some cases showed
local ecchymoma and emphysema.

Visible Under Microscope
1. Quartz group: 1 menth after dust injection, the hilus
lymphonodi and lung tissues were found to have 4th
grade fibrous tubercula around which there were slight
emphysema. 6, 12 and 18 months after dust injection,
all cases showed fibrous mbercula.

2. Physiological saline group: Throughout the experiment



no dust reaction was found.

3. Polypropylene and polyethylene groups: 1 month after
dust injection, the hilus lymphonodi of neither group
showed coniosis cell foci. Inside the lung tissues there
were cell foci of different shape and size which consists
of macrophages, epithelioid cells, coniosis cells and a
great amount of dust particles. The polyethylene group
showed that there were divergent Langhams’ or foreign
body giant cells in the cell foci. In the foci slight
hyperplasia of reticular fibres were found. On some of
the air sacs the epithelioid cells got swollen. Some of
the bronchi showed hyperplasia or disappearance of
epithelioid cells. 6 months after dust injection, all hilus
lymphonodi were found to have a small amount of con-
iosis cell foci and translucent dust particles, on the sur-
face of which there was a brown coloured layer. Inside
the lung tissues there were still visible cell foci of dif-
ferent sizes and in the foci there are still macrophages,
contosis cells and dust particles with a brown ¢oloured
layer on the surface of the particles. Hyperplasia of
reticular fibres were visible in the foci. 12 months after
dust injection both groups showed foci consisting of cells
as those 6 months after dust injection. But the number
of foci decreased whereas the foci became bigger with
clear boundaries. The polyethylene group was still found
to have foreign body multinuclear giant cells. Inside the
foci and in between the foci there were hyperplasia of
reticular fibres. In some of them fine collagen fibres
were visible. In some of the foci, pronounced
hyperplasia of reticular fibres were found in between the
air sacs as well as around the bronchi and around blood
vessels, and collagen fibres were also visible. Bronchi
of various sections got seriously harmed.

The analytical results of the collagen protein content in the
whole lungs are given in Table I and Figure 1.

Animal Models—Pneumoconiosis 1T

DISCUSSION

Polypropylene and polyethylene are all synthetic organic
substances without free silicon dioxide. Different views ex-
ist as to the research of fibrosis effect of synthetic organic dust.
The present experiment on the dust injected animal, through
observation 1 to I8 months intervals, showed that
polyethylene and polypropylene dust may cause slight
hyperplasia of fibre tissues of lungs. The hyperplasia of fibre
tissues is more obvious in the lung mesenchyme and around
the bronchi. The tissular structure of the lungs were obviously
damaged but no typical experimental nedular change was
found.

The two experimental groups, polyethylene and
polypropylene, showed similar pathological features and
course of affection. At the early period of dust injection (16
months), a considerable number of granuloma changes were
irregular in shape and different in size. The granulomas were
rich in cells and were generally found around tetrminal or
respiratory bronchicles. Some of the granulomas leaned
against the bronchi walls. The harmed bronchi showed
epitheliosis. There were secretions in the cavities and inflam-
matory infiltration around them. 12 to 18 months after dust
injection, granuloma foci decreased. Pronounced hyperplasia
of reticular fibres inside the foci and around the bronchi. Some
leaned against the bronchi walls with collagen fibres inside,
Normal structure of air sacs around the foci disappeared.

There were, however, slight differences between the two
groups. In the granuloma foci of the polyethylene group there
were divergent Langhans’ or foreign body multinuclear giant
cells. But in the polypropylene group such cells could hardly
be seen. The cause remains to be studied.

The analysis of collagen protein content in the whole lungs
tallied with the features of pathological changes.

Table 1
Analytical Results of Collage Protein Content
in Whole Lungs {(mg)
Period of
observation 1 6 12 18
(month)
NX+ SD NX+SD NX+ SD NK+SD
Pﬁ?‘“ﬁlﬂlﬂ group 9 41.1+5.8 9 37.5+£7.9 24 68.5%t17.5 § 91.6121.5
Polypropylene group 8 48.9+13.2 8 44.9:8.0 21 101.6+28.0 4 62.2%8.3

Quartz group
Physiological
saline group

5 57.94+15.0 8 97.81:63.0 10 110.5+64.6
7 33.41+4.5 9 24.31+6.5 23 46.4X11.0 1t 46.4%10.6

6 94.81:51.8
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Figure 1. Variation curve of collagen protein content in the whole lungs.

SUMMARY REFERENCES

By unexposed injection intratracheally of 50 mg of dust at a 1. Liang Shurong: Pocumoconiosis Pathological Atlas, p. 39, 1981, Peo-
time and through 1~+18 months histopathological observation ) Fﬁl:: Hygiene Pubhshm% House. Vi 29, 1987
and analysis for collagen protein content of whole lungs, we - Zhen Hongquan: Study of Fibrosis Effect of Viscose Fibre, p. 29, 1987,
consider fing to the e - mental results that the dust China Medical College: Study of Organic Pneumoconiosis.

3. Zhen Hongquan: PVC Plastic Pneumoconiosis and Experimental Study,
of polyethylene and polypropylene dust has a slight fibrosis p. 16, 1987, China Modical College: Study ofOrm:anic Wﬁ
effect on rats. In the earlier period (1~+6 months) after dust

injection the effect is mainly manifested in the form of

granuloma changes, whereas in the later period (1218

months) after dust injection the lung tissues mainly show

granuloma changes and hyperplasia of interstitial fibre tissues

of the Jungs.

842



Animal Models—Pneumoconiosis 1T

Polyethylene (One month) 34578 HE 6,7*10

Polyethylene (Six months) 35678 Foot 6,7*10

843



iosis II

Animal Models—.

7*10

Polyethylene (One month) 34679 HE 6,

7*10

*

Polyethylene (Twelve months) 3467 HE 6



Hazard Evaluations/Clinical Studies IT

APICAL PLEUROPULMONARY CHANGES IN PERSONS EXPOSED TO
ASBESTOS—EXPERIENCE FROM 40 PATIENTS

GUNNAR HILLERDAL, M.D.

Department of Lung Medicine, Uppsala University, Akademiska Sjukhuset, S-751 85 Uppsala, Sweden

INTRODUCTION

Parenchymal changes due to asbestos exposure are classical-
ly situated in the lower lobes. Pleural plagues and diffuse
pleural thickening are also found mainly in the lower or the
mid zones of the lungs. However, there have also been reports
on asbestos exposure leading to upper lobe changes.!-3

MATERIAL AND METHODS

Inclusion criteria and patients. Up to the end of 1986, about
1.600 patients with bilateral pleural and/or parenchymal
changes due to exposure to asbestos on chest roentgenogram
had been collected at the Department of Lung Medicine of
Uppsala University. Among these 1.600 patients, there were
40 who showed an apical pleural thickening at least S mm thick
on one side or both.

All patients have been followed until the end of 1987.

The mean age at the first sign of apical affection was 60 years;
the youngest was 31 years old and the oldest 78 years. The
mean latency time frem the first exposure to the development
of apical changes was 32 years, with a minimum of 5 years
and a maximum of 51 years. Twenty-one patients showed
apical changes only on the right side, four on the left side on-
ly and 15 on both sides. In all patients observed for more than
five years there was an obvious progression of the apical
lesions.

In five patients, CT was performed. In those patients it was
secn that the lesions were mainly pleural but were causing
compression of the lung parenchyma, and that some fibrous
strands were reaching into the lung from the thickened pleura.

All patients had other asbestos-related pleural changes in the
lungs on both sides, bilateral changes being a prerequisite for
inclusion to the group in the first place. There was usually
thickening around the whole lung, with 2 marked increase
apically. In five patients a benign asbestos pleural effusion had
been diagnosed before the apical lesions became evident.

In eight patients bronchoscopy was performed and culture for
tuberculosis was negative. Five patients had a course of tuber-
culosis treatment because of a positive tuberculin test and
suspicion of tuberculosis based on the radiclogical findings.
This treatment did not affect the progression of the disease.
A tuberculin test was performed in 25 patients and was
negative in 12 of them, but in the rest it was positive,
sometimes strongly so, the strongest reactor being 30 mm (2
tuberculin units).

Complete lung function test results were available in 21 pa-
tients. The vital capacity was affected in all cases. On an
average it was reduced to 62 percent of the predicted. The total
lung capacity was also decreased in all patients and in the mean
68 percent remained of the predicted value.

Upper lobe changes are a fairly rare manifestation of exposure
to asbestos as judged from the paucity of reports in the
literature. I3 There are a number of diseases which manifest
themselves at the pulmonary apices. An unspecific fibrotic
reaction is common in elderly persons but never reaches the
sizes observed in the patients presented here. Many of these
patients would previously have been diagnosed as suffering
from tuberculosis. It is important to be aware of this manifesta-
tion of asbestos, mainly for clinical reasons, to avoid confu-
sion with tuberculosis, but also for compensation purposes.

How specific is this type of lesion for exposure to asbestos?
Our experience indicates that stmilar reactions are very rare
in persons who arc not exposed to asbestos. As mentioned,
there are other diseases which can cause lesions of the upper
lobe, but the typical primary thickening of the pleura with
compression secondarily of the lung parenchyma is not seen
with other diseases or is at least very rare. The lung depart-
ment is the only one in the county and any lung changes of
this type would very likely be referred to us for evaluation.
They would also have been discovered at the general health
survey, which was in practice in the county until fairly recent-
ly. Thus, the lesion seems to be as pathognomonic to asbestos
as are pleural plaques.

Why does this lesion occur in some patients and not in others?
It does not seem to be due to the degree of exposure. This
seems to depend on individual factors, and my personal belief
is that some disturbance of the immune system caused by
asbestos is responsible for it.

Apical pleural thickening due to exposure to asbestos is usually
only a part of a general reaction, and other parts of the same
lung and usually also the other lung are also involved. The
tendency to progression will, with time, in many patients cause
a serious deterioration of lung function. The patients should
be followed with chest roentgenogram and lung function

regularly.
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RADIOGRAPHICAL APPEARANCE OF TALCOSIS AND

COMPOSITION OF TALC

ZHAO JINDUJO » LiZhong* * LiuJingde* ¢ Du Yuant ¢ Wang Rechent
*Shenyang Research Institute of Industrial Hygiene and Occupational Diseases

fLiaoning Institute of Industrial Hygiene, P.R. China

The workers exposed to talc dust are increasing in number in
textile, paper-making, glass-processing, ceramics, cosmetics,
rubber and pharmaceutical industries, as well as paint, mill-
ing and carving of talc and so on. We investigated the con-
centration of the dust in the workshops in a mine and mill, and
made a mineralogical examination. The chest X-ray films of
the workers exposed to talc dust have been observed. The data
are summerized and reported as follows.

INDUSTRIAL HYGIENE

This talc mine is a company of the min¢ and mill with an ex-
ploiting history of over 60 years. In the 50s and 60s, the dust
concentration in the workplace of the mine ranged 68-582
mg/m3 and the dust concentration in the mill ranged
208-5561 mg/m?, and in talc carving factory, the dust con-
centration was several hundred mg/m?>.

The dust concentration in the workshop was reduced in the
70s, but it still ranged 50-395 mg/m?>. Over fifty percent of
the particles were less than 5 p in diameter; free silica dust
ranged 0.75-2.87%.

MINERALOGICAL EXAMINATION OF THE TALC

The talc is pure, mineralogically, the ore is pure talc, the
impurities are a little serpentine (H4Mp3S8i0;09) and
phosphorite, little quartz, without tremolite Ca;Mgs
(8i4071)2(0OH); or other fibrous silicates (Figures 1-3).

In the talc mine, 80 cases of talcosis have been diagnosed
under the medical supervision of Institute for Occupational
Diseases since 1958 (male 70 cases, female 10 cases),
exposure-onset duration ranging 5-22 years with an average
duration of 13.6 years, grinder 57, excavator 19, worker for
mineral separation 4. In talc-carving factory, 17 cases of
talcosis were diagnosed, all of them are male, exposure-onset
duration ranging 13-35 years with an average duration of
25.2 years. Of 97 cases of talcosis, 24 cases were compli-
cated with tuberculosis (about 25%). In 73 cases of stage 1
talcosis, 12 cases (16.4%) complicated with tuberculosis, of
19 cases of the stage II talcosis, 9 cases (47.3%) were com-
plicated ones. In 5 cases of stage II talcosis, complicated ones
were 3 (60%). (Table I).

Figure 1. A fine streak of serpentine in talc in polarizing microscopy.
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Figure 2. A bright silica particle in talc in polarizing microscopy.

Figure 3. A few phosphorite particles in talc in polarizing microscopy.
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X-RAY APPEARANCE

Unlike the radiographic appearance of silicosis, the enlarged
hilar lymphnodes usuzlly could not be found. The main
characteristic findings of the talcosis were irregular small
opacities; these abnormal findings must distribute beyond 2
zones for diagnosis. In some patients, the rounded small
opacities were mainly observed. In most of them, the round-
ed opacities were 2-3 mm in diameter; occasionally, the
rounded opacities were about 1 mm in diameter (Table II).

Nodular (Type) (15 cases): Of the 15 cases, 14 were grinders,
exposure-onset duration was shorter than 10 years in 3 cases;
11-15 years in 11 cases; 16-20 years in 1 case. There were
3 cases of patients with 2nd stage talcosis, 2 cases with 3rd
stage talcosis.

Reticulate-nodular Type: Of 56 cases, 40 were grinders, 16
excavators. The exposure-onset duration shorter than 10 years
in 8 cases, 11-15 years in 22 cases, 16-20 years in 22 cases,
more than 21 years in 4 cases. There was only one patient with
2nd stage talcosis.

Of 97 cases of talcosis, 5 cases with large shadow in the lung
field, 3 of the cases were complicated with tuberculosis
(Figures 4-8).

Pleural thickening, especially ‘talc plaque’ were not found in
all of the patients. The relationship between the exposure-
onset duration and the types of talcosis in 71 cases was noted

(Table III).

COMMENTS

The relationship between silicates such as talc and pulmonary
diseases was noticed at the end of 19th century, but the
pulmonary damage and its X-ray changes in talc mine and talc
processing workers had not been proved until the 30s of this
century.!? Serial survey reports began to appear in China
since 1958. It has long been noticed that some impurities in
talc (tremolite etc.) can cause pulmonary fibrosis, although
this has not been confirmed yet.>10 In recent twenty years,
the possibility of carcinogenesis by talc and impurities in talc
was also a focus of much attention. 1113

Some authors held that the main causation factors in talcosis
is the fibrous tremolite CayMgs(Sig011)2(0H);. Talc has
cytotoxic effect, while tremolite has fibrogenic, besides the
cytotoxic effects. They also held that the detrimental effect
was related to the length of these fibers. The longer the fibers,
the larger the effect.

Table 1
97 Cases of Talcosis (X-ray Classification)

I Grade I1 Grade 111 Grade
Simple Complicated Simple Complicated Simple Complicated )
No. Cases 61 12 10 ] 2 3
Table I
X-ray Appearance of 97 Cases of Talcosis
Hiilus Marking r Emphysema | Ret. ] Nod. | Pin jLarg

i and Poi.|{Shad.
i Nod.

Disturb.| Dens. |Enl. Incr. | Def. ! Loc. ] Dif.

of i

Constr, !

No. | 80 57 23 39 L’IS ]! 10 6 75 14 6 6

Notes: Ret.Reticulat, Nod.Nodular, Nod.Nodular, Poi.Point, lLarg.large, Shad. Shadow,
Dist.Disturbance, Constr.Constructure, Dens.Density, Enl. Enlargement, Incr.Increa-
sing, Def.Deformity, Loc.localized, Dif.Diffuse,
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Figure 4. A male, 54 years of age, talc-cutter exposure-cnset Figure 6. A male, 34 years of age, talc-cutter exposure-onset
duration—23 years, 2nd stage talcosis with tuber- duration, 3rd stage talcosis.
culosis (nodular type).

Figure 5. A male, 29 years of age, talc grinder, exposure-onset duration—9 years, 2nd stage
talcosis (reticulate—nodular type).
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Figure 7. A male, 27 years of age, talc grinder, exposure- Figure 8. A female, 29 years of age, talc powder packager,

onset duration—6 years, 3rd stage talcosis. exposure-onset duration—5 years, 3rd stage
talcosis with tuberculosis.
Table ITI
Relationship between the Exposure-onset Duration and the Types of Talcosis
| Modular type ] Reticulate-Nodular Type
Exposure-Onset Duration(yrs) | -5 6-10 11-15 16-20 21- | -5 6-10 11-15 16-20 21
1y 2 7 17 6 15 1
Grinder 1T ; 1 2 :
ITI | 1 1 !
i
1] 1’ 6§ 6 3
Niper 11 1
[Ii

*Including 3 cases of pinpoint type. ’One case of pinpoint type.
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A dichotomy has been identified in the classification of ‘tale’:
asbestiform ‘talc’, including anthophyllite, tremolite and
chrysotile, and non-asbestiform talc. Early studies did not
recognize this dichotomy and their different effects.

The pathological changes of talcosis are diffuse pulmonary
fibrosis and collagenic nodules. There were reports that
‘asbestosis-like body” was found in the pulmonary tissue and
localized pleural thickening, granuloma was found at autop-
sy or biopsy and its small opacities in the chest film disap-
peared after corticosterone treatment.

As regards to the various descriptions of the X-ray appearance
of the talcosis, that is apparently related to the purity of the
‘talc’. In workers exposed to asbestiform ‘talc’, their X-ray
appearances look like those of asbestosis, especially the talc
plaques can be seen and the fiims of the workers exposed to
non-asbestiform talc, look like those of silicosis.

The workers in this series exposed to pure talc in which we
can not find any fibrous mineral (without tremolite, an-
thophyllite, amosite or chrysotile), the reticulate and nodular
opacities in early stage talcosis and the large shadows in the
advanced talcosis can be observed. These X-ray appearances
look like that of silicosis.

Hazard Evaluarions/Clinical Studies I
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PULMONARY ALVEOLAR PROTEINOSIS AND CEMENT DUST:
A CASE REPORT— A PRELIMINARY REPORT

ROBERT J. McCUNNEY,* M.D., MPH * Robert Godefroi,} M.D., MPH

*Cabot Corporation, 950 Winter St., P.O. Box 9073, Waltham, MA 02254, USA
TBoston Univ., Medical Ctr., Occup. Health Program, 75 E. Newton St., Boston, MA 02118, USA

ABSTRACT

A twenty nine year old white male developed pulmonary alveolar proteinosis within two years of working
as a cement truck driver. Pulmonary alveolar proteinosis (PAP), an uncommon respiratory disorder characteriz-
ed by the accumulation of phospholipid material within the alveoli, has been described in association with
exposure to silica, aluminum oxide and a variety of dusts and fumes. Although a link between exposure to
Portland cement and PAP has not been previously noted, this type of cement contains upwards of 20% silica.
Lung biopsy material, originally used to diagnose PAP, was reviewed under electron dispersive spectroscopy.
Analysis indicated the presence of silica particles within the alveolar fluid and macrophages. A number of
items support a causal relationship between exposure to cement dust and PAP: (1) the temporal sequence be-
tween assuming job duties and the development of the illness, (2) improvement following remeval from fur-
ther exposure, (3) dusty, unprotected working conditions, (4) the presence of silica within the cement and
the alveolar fluid from periodic acid-Schiff positive lung tissue.

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) an uncommon
respiratory disorder first reported in 1958, consists of the
accumulation of periodic acid-Schiff (PAS) positive
phospholipid material in the alveoli; inflammation of the lung
interstitium usually does not occur. PAP can be a primary
disease process or secondary to opportunistic infections;2*
it has also been described in AIDS patients.> Although the
etiology of the disorder is poorly understood, the disease pro-
cess appears to involve a disruption of the pulmonary
surfactant—type II epithelial cell system.2§ Animal studies
have demonstrated that PAP develops after exposure to a
variety of mineral dusts and fumes,’-13 whereas other reports
have associated PAP with exposure to various occupational
substances. 1419 The purpose of this report is to describe a
truck driver, who appears to have developed (PAP) as a result
of exposure to Portland cement dust, a relationship not
previously noted.

CLINICAL HISTORY

A twenty nine year old white male was referred for an occupa-
tional medical consultation. He was concerned as to whether
his recent diagnosis of pulmonary alveolar proteinosis may
have resulted from exposure to cement dust and whether it
would be harmful for him to return to his work.

Initial evaluation included a review of medical records, a
medical history, a comprehensive physical examination and
laboratory testing such as a chest film, pulmonary function
testing, allergy evaluation and review of diagnostic material,
including results of an open lung biopsy. The patient, who had
twenty-two pack year smoking history (1% packs per day for
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15 years) originally became ill in February, 1982 when he ex-
perienced a cough, with purulent sputum production, fever,
and chest pain.

A chest film revealed diffuse bilateral alveolar infiltrates, sug-
gestive of an acute pneumonia; the right lung was more af-
fected than the left (Figure 1). He was prescribed ten days of
penicillin and tetracycline for a presumed lower respiratory
infection and clinically improved thereafter. A subsequent
chest film (March, 1982) however, demonstrated persistent
bilateral infiltrates. A PPD was negative and psittacosis
serology was unremarkable. Pulmonary function tests later
(May, 1982) revealed normal lung function (Table I). Since
a repeat chest film revealed a persistence of the pulmonary
infiltrates (Figure 2) the patient was advised to undergo bron-
choscopy with transbronchial biopsy. Pathology review
demonstrated PAS positive proteinaceous material within the
alveoli, consistent with PAP (Figure 3).

In December, 1982, the patient developed acute dyspnea on
exertion. Repeat PFTs demonstrated a deterioration of lung
function (FEV,: 3.62L—3.15L FVC 4.28L—3.79L). A
room air arterial blood gas revealed a PO, of 73mm Hg,
PCO; of 37mm Hg and a pH of 7.39. Because of persistent
dyspnea on exertion, therapeutic bilaterial whole lung bron-
chopulmonary lavage was performed in January 1983. Lavage
resulted in marked clinical improvement as well as in pul-
monary function. By May 1983, the patient was clinically
well; pulmonary function alse improved. Evaluation in August
1986, revealed the patient to be free of pulmonary symptoms
although chest X-ray abnormalities persisted and PFTs sug-
gested mild obstructive airways disease (Table I). The patient
continued to smoke one and one-half packs of cigarettes per
day. Clinical evaluation at that time also included allergy skin
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Figure 1. Chest film (initial).

Table I
Lung Function Values

SINGLE BREATH
EEV, (L) e (L) FEV,/FVC DIFFUSION CAPACITY

May 1982 3.62 (89% pred) 4.28 (84% pred) 83% 81% pred

Sept 1982 3.64 (91% pred) 4.27 (92% pred) 85% e

December 19682 3.15 (77% pred) 3.79 (74% pred) 85% 64% pred

May 1983 3.27 (81% pred) 4.33 (85% pred) 76%

s#Anqust 1986 3.00 (76% pred) 4.06 (81% pred) 73%

#+ nagligible improvement after bronchodilators
FEV, 3%; FVC 1%
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Figure 2. Chest film.

testing for common substances such as dusts, ragweed, trees
and grass, all of which were negative.

Biopsy material was further reviewed for the presence of in-
organic particles, which have been previously reported in
association with PAP.2 Through electron dispersive spec-
troscopy (EDS), silicon particles (Figure 4) were noted in the
lung biopsy material. An increased number of small bire-
fringent particles had been noted earlier within the same pro-
teinaceous material.

OCCUPATIONAL HISTORY

For almost two years prior to becoming ill, the patient
operated a cement truck in a railroad freight yard. He over-
saw the transfer of portland cement from railroad tank cars
into the cylindrical tank of the truck that he drove. Heavy ex-
posure to cement dust occurred (Figures 5-7) during the one
to one and one-half hours required per load; two to three loads
were transferred daily, By the end of the day, the patient
claimed his hair, nose and skin were covered with dust. No
dust mask or respirators were used. Air monitoring to quan-
tify cement dust exposure was not conducted.

Portland Cement, commonly called cement, is classified by
OSHA and ACGIH as a nuisance dust; a Time Weighted
Average (TWA) Threshold Limit Value (TLV) of 10 mg/m3
is recommended. Portland Cement consists of hydrated
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calcium silicates with small amounts of aluminum oxide,
magnesium oxide, iron oxide, calcium sulfate and other
impurities.

The chemistry and manufacture of various Portland cements,
blended cements, and other hydraulic cements are related to
their specifications and uses in concrete and other products.
Portland cements are ordinarily manufactured from raw mixes
including components such as calcium carbonate, clay or
shale, and sand. Table II shows the compositions of some
typical raw materials.20-21

During the manufacture of Portland cement, as the
temperature of the materizls is increased, the following reac-
tions occur: (1) evaporation of free water; (2) release of com-
bined water; {3) decomposition of carbonates (calcination);
and (4) combination of the lime, silica, alumina and other ox-
ides. This produces a mixture of solid and molten phases in
the Ca0+Si0; +Al;03 system which crystallizes during
cooling to form a mixture of solid calcium silicates and
calcium aluminate containing small amounts of magnesium
oxide, iron oxide, calcium sulfate and other impurities. Table
IIT shows the compeosition of some typical cements. Table IV
shows the crystalline phases present. 222 Table V shows the
phases present after hydration at normal temperatures.20-2

Of the components of Portland cement, calcium silicate,
magnesium oxide, aluminum oxide, iron oxide and calcium
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Figure 3A, 3B. Periodic acid-Schiff material (lung biopsy).
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Figure 3C. Periodic acid-Schiff material (lung biopsy) (cont.).
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Figure 4A, 4B. Electron dispersive spectroscopy (A) Silica particle.
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Figures 5, 6. Working conditions.
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Figure 7. Working conditions (cont.).

Table I

Chemical Composition of Raw Materials, %
(Courtesy of the American Concrete Institute)*®-2!

Type 8io, Al,0,4 Fay0, 0 Mz0
Cement Rock  13.4 3.5 1.7 42.9 1.0
Limestone 1.2 0.2 0.4 53.4 1.3
Limestone 4.5 0.5 1.6 35.0 14.9
Marl 6.0 0.6 2.3 49.1 0.4
Oyster shells 1.5 0.4 1.2 52.3 0.7
Shale 53.8 18.9 7.7 3.2 2.2
Clay 67.8 14.3 4.5 0.9 1.2
Mill Scale ca 100.0

Sandstone 76.6 5.3 3.1 4.7 1.7
Bauxite 10.6 57.5 2.6
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sulfate are assigned TLV’s of 10mg/m? by the ACGIH;

calcium hydroxide and magnesivm are assigned TLV's of

S5mg/m?3.

DISCUSSION

The relationship of PAP to occupational exposures was first
raised in 1969 by Davidson and MacLeod!¢ who reviewed

Type I
Type I
Type III
Type IV
Type V
White

Hazard Evaluarions/Clinical Studies I

139 cases of PAP that had been reported since 1958 and found
that approximately half were associated with fume or dust ex-

posures. Rosen et al,! however, in their classic paper,
reported on the occupations of the 27 cases they described.
It is ironic that the first patient they described was a cement
truck driver. McEuen and Abraham later (1978)* evaluated

Table III
Chemical Composition of Some Typical Cements, %

810,  Al0; Fe0; cw Mo

20.9 5.2 2.3 64.0 2.8

21.7 4.7 3.6 63.6 2.9

21.3 5.1 2.3 64.9 3.0

24.3 4.3 4.1 62.3 1.8

25.0 3.4 2.8 64.4 1.9

24.5 5.9 0.6 65.0 1.1

5.3 39.8 14.6 33.5 1.3
Table IV
Compound Composition of Some Typical Cements, %
Calculated by the ASTM C150-76)
Crystalline Fom

Cement (2) (3) (4) (5)
Type I 55 19 10 7
Type II 41 24 6 11
Type IIX 56 195 10 7
Type IV 28 49 4 12
Type V 38 43 9
White 33 46 14 2
Column Headings:

(2) Tricalcium silicate

(3) Dicalcium Silicate

(4) Tricalcium Aluminate

(5) Tetracalcium Alumino~ferrite

2.9
2.4
3.1
1.9
1.6
1.8
0.4

37 cases of PAP and found that 13 of their series had been ex-
posed to various dusts and fumes. In their retrospective
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Table V
Cement Phases Hydrated at Normal Temperatures

Name

Calcium Sulfate Dihydrate (Gypsum)
Calcium Hydroxide (Portlandite)

Magnesium Hydroxide (Brucite)

Calcium gsilicate Hydrate Gel (C-8-H gel)

Tetracalcium aluminate 19-hydrate
Tetracalcium aluninate 13-hydrate
Tetracalcium aluminate 7-hydrate

Tetracalcium aluminate monosulfate lé6-hydrate
Tetracalcium aluninate monosulfate l4-hydrate
Tetracalcium aluninate monosulfate 12-hydrate
4-Calcium aluminate sulfate 10,8,x-hydrate

Ettringite (6-calcium aluminate trisulfate, 32-hydrate
6-Calcium aluminate trisulfate, 8-hydrate
Garnet-hydrogarnet Solid Solution Series

review, the same authors also found an increased number of
small, inorganic particulates in the lung tissue as compared
to controls. Crystalline silica is the most commonly implicated
mineral associated with PAP.15.18.19.24.25

PAP has also been described secondary to exposure to
Kaolin,' an aluminum silicate compound, and aluminum
dust.!” In these cases, minerologic analysis of lung tissue
revealed high concentrations of aluminum silicate and
aluminum particulates, respectively.

Although PAP has a variable prognosis, this patient’s clinical
improvement after 2 single pulmonary lavage is unusual.
Kariman et al?¢ for example, described complete remission
or marked subjective and objective improvement in only two
of eleven cases treated in this manner. Wilson et al*? reported
PAP in a welder who was successfully treated by a single bron-
chial lavage and removal from further occupational and en-
vironmental exposure to dusts and fumes. The improvement
in our patient after a single pulmonary lavage and removal
from further exposure to cement dust lends credence to the
notion that PAP may be initiated by a nonspecific injury that
results in a transient failure of alveolar clearance and the ac-
cumulation of surfactant materials. 18

Documentation of an increased amount of inorganic par-
ticulates containing silicon within the biopsy material supports
the notion that inhalation of cement dust precipitated the
development of PAP in this patient. Abraham and McEuenZ
have also reported two individuals exposed to cement dust in
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CAS Reqgistry No.

10101-41-4 & 13397-24-5
1305-62-0

1309-42-8

12323-54=5

12042-86-3

12042-85-2

12511-52-3

67523-83-5

12421-30-6

122522-10-7

12252-09-4 & 12445-38-4
12252-15-2

11070-82-9

12042-80~7

whom an increased number of inorganic particulates (silicates
found in cement dust) were noted in the proteinaceocus lung
tissue.

Further studies are necessary to elucidate the relationship be-
tween PAP and smoking. Abraham and McEuen? were not
able to document smoking histories in their analysis of PAP
cases. The role of smoking in the deposition of small par-
ticulates in the lung also needs further exploration.?

Workers involved in the manufacture of cement dust have also
been evaluated. One study of 160 cement workers in
Yugoslavia indicated a decline in pulmonary function (FEV |,
FVC, FEV{/FVC) following four years of unspecified level
of exposure; the authors controlled for cigarette smoking.??
Similar analyses among cement workers have indicated
obstructive defects®® (decline in FEV/FVC), expiratory
airflow obstruction?! and a higher prevalence of respiratory
symptoms,*2 even when controlled for cigarette smoking.

CONCLUSION

Pulmonary alveolar proteinosis is a rare disorder that in some
cases “‘represents one mechanism by which the lung responds
to a variety of insults.”*3? Dust overload can provoke exces-
sive discharge of surfactant and associated lipids from type
I pneumocytes.?* The mechanism for this reaction may be
simply mechanical and not related to the presence of
fibrogenic material. It is the destruction of the type II alveolar
epithelial cells that leads to PAP. Although the amount of



cement dust to which this patient was exposed is unclear, ver-
bal accounts {“‘it was so thick, that sometimes I couldn’t see’")
and pictures (Figures 5-7) of the operations suggest that the
working conditions were unarguably dusty and likely ex-
cessive at times. After a single intratracheal instillation of
silica dust, laboratory animals developed PAP within three
weeks. 5 The presence of silica particles within both alveolar
macrophages and alveolar fluid and the temporal sequence of
the patient developing PAP within 2 years of assuming his job
responsibilities and improvement following removal from ex-
posure lend further support to a causal relationship.

Whether this patient is at risk of recurrence of PAP upon fur-
ther exposure to dusts is problematic. Prudence would dic-
tate, however, that in light of PAP being a potentially life
threatening illness, such exposure should be avoided.
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PERSONAL DUST SAMPLING WITH THE CIP-10 FOR A BETTER MEDICAL
MANAGEMENT OF THE PNEUMOCONIOSIS RISK IN COAL MINES

M, ZITTER + B, Mahieu ¢ E. de Surgy * P. Sebastien ¢ G. Auburtin « A. Mas

Houilleres du Bassin de Lorraine, Freyming-Merlebach, France

INTRODUCTION

In French coal mines, static sampling is used for regulatory
measurements of ambient dust concentrations in workings. In
1983 however, the perscnal dust sampler CIP-10 became
commercially available. This air sampling instrument was
designed by CERCHAR (*‘Centre d’Etudes et Recherches de
Charbonnages de France’ ") to measure individual exposures
to respirable dust in mining environments.

The CIP-10 is a small (18 x 7 x 2.5 cm) and light (300 g) in-
strument, conveniently worn by the miners. It can be lodged
into a chest pocket or into a chest strap. Wearing the CIP-10
is generally well accepted by the workers. The sampler is
operating at a flow rate of 10 I/min and collects the respirable
fraction of the dust within a rotary foam. Dust can be ashed
or extracted from the foam for laboratory analyses, such as
free silica determination. The CIP-10 has enough autonomy
to cover a full 8-hour shift. More technical information on the
CIP-10 is available elsewhere (Courbon et al, 1988).

Personal sampling greatly modified our existing views on dust
exposure in coal mines. Results of a large scale monitoring
study of personal exposures to respirable dust in French coal
mines have just been reported (Bruyet et al, 1988). Several
more specific surveys were carried-out at the request of the

occupational physicians from collieries in Lorraine. They pro-
vided other useful informations, examples of which are given
in this report.

USEFULNESS OF PERSONAL DUST SAMPLING

Documenting Specific Exposures

In French mines, some goafs must be filled-up, especially in
the case of flat working, when heating, water irnuption or min-
ing damages are feared. When hydraulic stowing is not possi-
ble, pneumatic stowing is sometimes used to fill-up the goafs
with shales. The shales are collected in the washing plants,
sent back underground with successive tubings, belt-conveyed
to the face and sprayed out pneumatically from a stowing
machine located in the top road. Since it was often found in
the career of pneumoconiotics, this technique was suspected
to carry a substantial pneumoconiosis risk.

In February 1984, a survey was carried out in a particular
working at Wendel mine to measure personal exposures
associated with the pnenmatic stowing technique. For a period
of 10 days, all workers engaged in the operation and two
technicians were equipped with a CIP-10. Measurement
results are reported in Tables I and II. Concentrations of
respirable dust were in the range 11.2-91.5 mg/m?®. Such

Table I

Personal Dust Sampling with the CIP 10
Paeumatic Stowing Technique
Wende] Pit, February 1984

20/2 2172 22/2 2372 24/2 27/2 28/2 29/2 1/3
T n"138 3,70 8,00 “ 15,130 9,00 — 2;),10 6,40 7,20 40,00 12,50
Pneumatic T n"139 6,70 7,40 11,70 8,80 14,10 7,10 6,70 37,50 15,40
Stowing Mean 5,20 7.70 - 13,50 .90 17,10 6,70 6,90 38,70 14,00
Technigue S n*140 11,20 52,50 77,70 39,50 33,50 22,10 55,90 91,50 68,50
Ratia S/T 115% 581% 475% 34t 953 2108 710% 13561 389%

RESULTS OF RESPIRABLE DUST IN HMG/M3

T = Technicians

5 = Stover

862



Instrumeniation for Dust Measurement

Table I
Personal Dust Sampling with the CIP 10
PNEUMATIC STOWING TECHNIQUE
- WENDEL PIT FEBRUARY 1984

90 i

86 { 2~
—50—
—36— =

- _

2072 2V2 22/2 23/2 242 27/2 -28/2 2912
. TECHNICIANS I STOWER

V3
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high figures are reported with caution, since a saturation ef-
fect was observed with the CIP-10 at very high concentrations.
The stower was the most exposed. By-standers could be 8
times less exposed. Pneumatic stowing was also affecting the
exposures of people at the face. The pneumatic stowing tech-
nique is not used any more in mines from Lorraine since the
end of 1986.

Other surveys with the CIP-10 were able to document un-
suspected exposures, such as those experienced by the elec-
tromechanics underground. These people maintain the energy
sources and the mining equipment. They generally stand out
of the face, except in case of failure of the machinery. Because
not directly involved in coal extraction, they are not con-
sidered as “‘exposed’’ personnel according to regulations.

In the period June 10th-June 19th 1987, all electromechanics
from a working wore a CIP-10. Their activities were observed
and recorded. Tables Il and IV present measurements of per-
sonal exposures and of ambient concentrations 15 m above
the working in the top road on the air return. Values for per-
sonal exposures were linearly related to the time spent at the
face or in the top road. The highest exposure reached the stan-
dard level for regulatory ambient concentration.

In another survey, the exposures of 16 workers involved in-
to heading operations in the seams were measured during 5
days. Three exposure zones were defined: (1) the shearing

area, (2) between the shearing area and the deduster and (3)
from the back of the deduster up to the entrance of the
headings. A total of 55 measurements were done. Among
those, 16 were in excess of 2 mg/m’. Interestingly enough,
most of the excessive exposures occurred in zone 3, a day
when the shearer did not operate. (Tables V and VI).

Assessing the Validity of Job Re-allocation

In French collieries, medical management of the
pneumoconiosis risk is mainly based on job re-allocation.
Diagnosed cases are moved to workings known to be less dus-
ty. The dustiness of each working is deducted from the results
of regulatory measurements done by static sampling. A survey
was carried out with the CIP-10 in order to check if this way
of re-allocating jobs was effectively ensuring less severe per-
sonal exposure for these diagnosed cases.

In Summer 1987, 40 active miners with a chest X-ray scored
0/1 and 30 active miners compensated for pneumoconiosis
were selected. Personal exposures of workers in the two
groups were assessed by a total of 476 measurements with the
CIP-10. Results are reported in Tables VII and VIII. In
average, exposures were less for pneumoconiotics (0.63-0.67
mg/m?) than for other re-allocated but uncompensated
workers (0.89 mg/m?). Some personal exposures in excess
of 2 mg/m? were, however, detected (Mahieu et al, 1988).
These cases were immediately corrected.

Table I
Personal Dust Sampling with the CIP 10
A EXPOSURE SITES DURING THE SHIFT
Static Entry & Bott d Bott: d 1 f
n om roa om rod Coa ace & JTop road
DATE Hea- Bottgn road Coal face & Top road e
sures Top road
Day Shift]mg/m3 fmg/m3 3 mg/m3 3 ng/m} 3 mng/m3 3 ng/m3 3 PERSONAL DUST
SAMPLING WITH
3,98 1,72 4,32 3,30 B2,90 THE CIP 10
10/6 3,72[ 93,40
5,15 2,491 46,303(0,50) ELECTROMECHANICS
2,53| 49,120
1 4,17 1,941 46,50 J,80| 91,10 4,271 102,30 MARIENAU PIT
11/6 2 1,83 1,34 73,20 ! JUNE 1987 Seam ED
1,58 86,30
1,32 72,10
1 4,17 1,84} 44,10 4,28] 102,60
12/6 ! 35| 92!
2 4,09 31,00| 73,30
4,99 5,05| 101,20
1 {0,33 1,66 a7
15/6 +33) ! 396
2 4,21 2,97] 70,50 4,04| 95,90
2,79| 66,20
1 5,20 2,97} 57,10 5,89] 113,20
J16s8 .
/ 2 5,79 1,86 5,89] 111,20
1,92 67,70 R 1
- _— esults of res irable
1 5,99 3,07 51,20 3,72 62,10 dust in mg/m3 P
17/6 6,14 120,50
2 1,83 5,24 N
- Results o dividuwal
1 5,23 1,70] 32,50] 4,04 77,20 BesuaEsef jnalvi
18/6 3,54| 67,860 3 ratio of asbient regu
2 5,81 2,99| 51,40 4,25) 713,50 latory measurements
tr— 1t ——f— — 1 m _above the wor-
1 4,26 1,83f 42,90 5,31 124,60 klng in the top road
19/6 2,85| 66,90 he a1r return)
2 1,35 2,50
1.24
Values 14,00 1,00 10,00 8,000 14,.00| 10,00 6,00 6,008 12,00 10,04
Means 4.63] 1,66 1,89| s57,a8] “2,95| so.58] 3)22| 70.08] "4)69] 102,79
SEM 1,03 ,00 .60 16.78] 1.05) 22)is5 ‘63| 16.56 ‘e?] 16,80 {*) doubtful values
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Table IV
Personal Dust Sampling with the CIP 10

ELECTROMECHANICS
'MARIENAU PIT seam ED JUNE 1987

2

u‘u '

%
13

sl @O &

ENTRY & BOTTOM BOTIOM ROCAD
8OTTIOM ROAD ROAD COAL FACE
& TOP ROAD
DISCUSSION

According to the governmental directives of December 1975,
in the French coal mines the concentration of respirable dust
is regularly controlled and measured by static ambient sam-
pling in well-defined locations. The respirable dust is collected
using the CPM3 air sampling instrument (Fabries et al.,
1987). Workings are ranked according to their dustiness. Stan-
dard levels are in terms of gravimetric concentration of
respirable dust (as collected by the CPM3) in the ambient air.
The observed differences in the pneumcconiotic risk among
coal fields (Amoudru, 1987) have been taken into account to
define standard levels which are specific to each coal field.
In Lorraine, the standard level is at 4.5 mg/m? below 7%
free silica, and gradually decreases above 7%. All the work-
ings are regularly classified according to this level.

Also the regulations impose for any worker exposed an an-
nual medical examination and a chest X-ray. At the term of
that examination, every year the occupational physician
defines for each worker the types of workings in which he can
be employed, essentially in function of the data of the chest
radiography. So the sound subject (Aptitude 1} will be able
to work everywhere (workings ranked O, A, B, C, D, E) and
the serious pneumoconiotics (aptitude 5) will only be author-

COAL FACE
& TOP ROAD

ized to work in non dusty working places (rank O); in general
they are re-allocated in surface jobs.

We know now that there is a heterogeneity of exposures within
the workings. This one could have been in the past at the origin
of some cases of early and/or severe pneumoconiosis. Re-
allocation must also take into account this heterogeneity. In-
ternal procedures are now in place for a better protection of
active miners with slight X-ray changes (score (/1): their ex-
posures are followed to limit under 5 g the annual cumulative
inhaled dose according to their work loads.

Ancther advantage of personal sampling in coal mines is the
ability to detect unsuspected high exposures. The surveys
among electromechanics and among workers engaged in
heading operations beautifully illustrated this point.

Those different studies carried out with the CIP-10 on the in-
dications of the occupational physician have brought useful
contributions to the improvement of the technical and medical
prevention of pnenmoconiosis in our coal mines. The CIP-10
has been found to be a reliable instrument. Personat sampling
is considered useful to identify needs for appropriate control
measures and to follow cases at risk.
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suspects de Pneumoconiose par capteur individuel de poussieres dans
Ies mines de charbon. Presented at the 20th Journees Nationales de Me-
‘decine du Travail Toulouse, France, May 18-21, 1988.

Personal Dust Sampling with the CIP 10
Heading Workings
Marienau Pit SDS June 1988

EMPLOYMENT 13/6 14/6 16/6 17/6 20/6
Overman iTi. 1,63} iTi. ,59} iTi.|(13,0)] iTi. 1,67] 23 1,12
Haulager 23 }{(3,10) Z3 | { ,92)
Haulager Z3 1,66 z3 2,51
"Déblogueur™ Z+ 1,88 z+ 2,99 Z+ 1,83 2+ 1,61 Z+ 3,64
Annexes 23 2,68 22 1,39 23 .50
Piper zZ2 1,40] 23 2,85| 23 1,40f Z3 1,66 22 |(1,15)
Piper z2 1,14 23 1,27 23 2,64 Z3 1,61
"Resserrage bride"™ Z3 2,42
Divers z3 1,74 zZ3 1,04 Z3 1,00 Z3 2,81
Divers 23 1,67 Z3 1,18 z3 1,85 23 1,04
Hewer z2 {( ,08) z2 1,48| z2 1,13} 2Z2 1,41 22 1,56
Hewer 2 1,04 Z1 1,96 Z2 , 11 Z1 1,41 23 4,26
Hewer Z2 1,06 z2 2,57 22 1,21 Z2 1,06 Z3 4,35
Hewer zZ2 ,93 z2 1,01| z2 80| 22 |( ,01) z3 3,14
Cutterman zZ1 1,58 zZ1 2,52 z3 3,69
Cutterman z1 |( ,18) 21 1,75 21 1,34 =2a 1,85 23 3,10

(*) doubtful values

Results of respirable dust in mg/m3

Activity and localisation of workers during the shift



Instrumeniation for Dust Measuremen:

Table VI
Personal Dust Sampling with the CIP 10

HEADING WORKINGS
MARIENAU PIT SDS JUNE 1988

i
DAYS 131416]72(2} 13 14 16 17 20113 14 16 17 20|13 14 16 17 20

Z+ 3 | Z2  ZI

i 1

== AMBIENT DUST RESULTS
¢ PERSONAL DUST RESULTS
€ DOUBTFUL VALUES

REPARTITION ACCORDING TO THE ZONES AND TO THE DAYS
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Instrumnentation for Dust Measurement

Table VII
Personal Dust Sampling with the CIP 10

£ RE-ALLOCATION OF PNEUMOCONIOTIC MINERS CONTROL
mg 1’“3 JULY 1987
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Table VIII
Personal Dust Sampling with the CIP 10

RE-ALLOCATION OF PNEUMOCONIOTIC MINERS CONTROL |

Instrumentarion for Dust Measurement

mg / m3
4 JULY 1987
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PULMONARY FUNCTION CHANGES IN VERMONT GRANITE WORKERS

WILLIAM G.B. GRAHAM + Sheila Weaver e

Taka Ashikaga * David Hemenway * Robert O'Grady
Depts. of Medicine, Biostatistics, and Engineering, University of Vermont and the Vermont State

Health Department, Burlington, VT, USA

ABSTRACT

Previous studies have snggested that excessive losses of FVC and FEV| were occurring in Vermont granite
workers despite the fact that quartz levels existing in the industry were below the current OSHA standards.
We re-examined these losses in granite workers over an eight year period, testing the workforce semiannual-
ly from 1979 1o 1987. All workers, including stone shed, quarry and office were offered forced spirometry
using a 10 L. Collins water sealed spirometer. In the peak year of participation (1983}, 887 workers out of
atotal of approximately 1400 were tested. Estimates of longitudinal loss were based on 711 workers who par-
ticipated in at least 3 of the surveys. The mean age of this group was 42.9 years, and the mean years employed
was 19.3 yrs. 21.4% were non-smokers (NS), 34.2% ex-smokers (ES), and 44.4% current smokers (CS).
Average annual losses of FVYC were .025 +.055L. (CS: .032 L.; NS: .014L.; ES: .024 L.). Average annual
losses of FEV; were .036 £.040 L. (CS: .044 L.; NS: .027 L.; ES: .033 L.). Analysis of covariance in-
dicated that losses were related to the initial values for FVC or FEV | o, height, age, and smoking history.
The losses of both FVC and FEV o were not correlated with years employed in the granite industry. The
losses of pulmonary function were significantly smaller than those estimated previously, which were .070-.080
L in FVC, and .050-.070 in FEV| 5. We conclude that current dust levels in the Vermont granite industry

do not accelerate pulmonary function loss.

BACKGROUND

A cross-sectional analysis of pulmonary function loss in Ver-
mont granite workers suggested a small loss in the forced vital
capacity (FVC) and FEV due to dust exposure, amounting
to 2 ml/year, compared with a 30 ml loss annually due to ag-
ing, and a 9 ml loss due to smoking.! Although these results
were criticized as resulting in a negligible loss over a work-
ing lifetime,? a later longitudinal study?® stated that annual
losses of FEV were between 50-70 ml, and FVC losses were
between 70-80 ml. These studies suggesting excessive
pulmonary function loss related o granite dust exposure
(average dust-year 523 micrograms/cubic meter, average
quariz year of exposure 50 micrograms/cubic meter) were in-
fluential in the current NIOSH recommended exposure limit
of 50 micrograms/cubic meter for crystalline silica. The
operative OSHA limit is 100 micrograms/cubic meter.

In 1981, we published data* concluding that the predicted
losses of pulmonary function had not occurred, based on a
follow-up study of the same individual workers who had been
tested previously. Large increases had occurred in vital
capacity values (106 ml year), and there were essentially no
losses annually in FEV values. The authors of the previous
papers agreed® that the FVC measurements were invalid
because of short expiratory times, though the decrements of
FEV| values continue to be discussed.$

This study presents further longitudinal data on pulmonary
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function losses in the Vermont granite population. The
initial survey, done in 1979, was the basis for our 1981
publication. Follow-up industry-wide surveys were carried
out semi-annually to 1987, giving an eight year period of
observation. The purpose of the study was to characterize the
rate of pulmonary function change and to determine whether
exposure to the relatively low levels of granite dust prevail-
ing in the industry significantly affect pulmonary function
loss.

METHODS

All employees in the Vermont granite industry, which includes
approximately 70 stone sheds and 6 quarries in 5 different
communities, were offered forced spirometry semiannually
from 1979 to 1987. In 1983 these tests were carried out in con-
junction with a chest radiographic survey. Job categories in-
cluded the various stone shed jobs (polisher, cutter, planer,
wire saw, etc.) as well as outdoor quarry workers and office
workers. Spirometry was performed on a 10 L. water-sealed
Collins spirometer according to recommendations of the
Epidemiology Standardization Project.” Values for FVC and
FEV, ambient temperature, age, years employed in the in-
dustry, and smoking history were recorded for each worker.
In addition, analysis of total gravimetric dust levels was car-
ried out using personal breathing zone samplers. Data were
analyzed using basic univariate analysis, as well as analysis
of covariance.



RESULTS

The numbers of workers tested in the semi-annual surveys is
given in Table 1. The numbers listed for 1979 are artifactually
low, since the initial 150 workers tested were excluded
because they had been tested on a different instrument which
was not precisely calibrated. Subsequent spirometries were
performed on the Collins spirometer used by the previous
workers from 1970-74. In addition, approximately 100 trac-
ings have been lost and are not available for analysis. Only
173 workers were tested on all five occasions over an eight
year period, reflecting the fact that new workers were com-
ing into the work force, others were retiring or were
unavailable for testing because of vacation, sick leave or a
mobile van at the work place for the first time since 1976.
There were 711 workers who were tested 3 times or more.
The basic statistics of this group are listed in Table II. Near-
ly 80% of the workers were either ex-smokers or current
smokers; only 21.4% were never smokers. The average
number of years in granite was nearly 20.

Longitudinal pulmonary function changes are based on the 711
subjects, both shed and quarry workers, who were tested three
or more times. This data is summarized in Table III. Yearly
decrements in FEV, FVC and FEV{/FVC x 100 were esti-
mated for each worker as the slope of the fitted least squares
regression line for each individual. These slopes were approx-
imately normally distributed and smokers exhibited more
function loss than non-smokers and ex-smokers. Overall an-
nual losses were .025 L.for FVC, .036 L. for FEV,, and
0.37% for the FEV |/FVC ratio. Non-smokers have the low-
est losses, ex-smokers intermediate, and current smokers the
highest losses. Within different smoking categories (non-
smoker, ex-smoker, and current smoker), there was no differ-
ence in losses between exposure categories we presume to be
different, i.e. office, shed and quarry workers. Decrements
in lung function appear to be similar to those reported in other
working populations not exposed to dust in the occupational
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environment, and are clearly far lower than the estimates of
longitudinal loss reported previously among Vermont granite
workers.

To separate out the effects of independent variables (age, value
of initial measurement, smoking status and granite working
history), we carried out an analysis of covariance. For the
FVC and FEV,, the independent variables of initial FVC,
height, age and smoking had a significant effect on pulmonary
function changes (p<.001 or less), whereas “‘years in
granite,”” used as an index of granite exposure, had no signifi-
cant effect (p=.144 for FVC and .151 for FEV)).

DISCUSSION

These results indicate that the previous estimates of pulmonary
loss in Vermont granite workers were probably in error, and
we attribute the conflicting results to the fact that our
spirometric measurements were techically rigorous, with
careful attention to duration of expiration, calibration of the
spirometer, and assuring maximum voluntary effort. Qur
analysis of dust levels in the stone sheds suggest that no change
has occurred in the industry since 1970-78. The mean dust
concentration was 601 micrograms/cubic meter, which is
quite similar to the results reported previously.® Accepting
the quartz levels at 10%, as stated by the previous workers,?
the average quartz exposure estimates are 60
micrograms/cubic meter, which is below the current OSHA
limjt, but above the recommended exposure limit of 50
micrograms/cubic meter proposed by NIOSH. We conclude
that current pulmonary function losses are comparable to those
seen in non-dust exposed working populations, and that cur-
rent dust exposures in the granite industry do not contribute
to pulmonary function loss. Further, the observed annual
losses are approximately half the values reported by previous
studies in Vermont granite workers.

Table I
Number of Workers With Data Available
Years Tested
1979 1981 1983 1985 1987 3 or more all 5
426 613 864 806 661 711 173
Table II

Basic Mean Data of Workers With 3 or More Tests
(All Subjects = 711)

Age in 1983
Height

Years in granite

Mean FEV 1.0.,
Mean FVC, L.

L.

Mean FEV 1.0/FVC

42.903

68.3

19.336
3.687
4,804
.766
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Table HI

Mean Annual Lengitudinal Losses in Pulmonary Function Parameters
in 711 Workers Tested 3 or More Times

Smokers FEx-smokers Non-smokers All

N=316 N=243 N=152 n=711
FVC, L. .032 024 .014 .025
FEV 1.0,L. 044 .033 .027 .036
FEV 1/FVC 437 .318 .314 .370

x 100

No difference was found in annual losses of FEV 1.0
and FVC between office, quarry and stone shed workers overall or
in different smoking categories,

REFERENCES 6. Eisen, E.E., Wegman, D.H., Louis, T.A.: Effects of Selection in a Pro-

. . s - spective Study of Forced Expiratory Volume in Vermont Granite
1. Theriault, G.P., Peters, J.M., Fine, L.J.: Pulmonary Function in Granitc Workers. Am. Rev. Resp. Dis. 128:587-591 (1983).
Shed Workers of Vermont. Arch. Environ. Health. 28:23-27 (1974). 7. Ferris. B.G. Epi iol S ization Proiect. Ans. Rev. Re
2. Morgan, W.K.C.: The Walmus and the Carpenter of the Silca Criteria - Ferris, B.G.: Epidemiology Standardization Project. - Resp.

ey Dis. 118:1-120 Pant 2 (1978).
Standard. J. Occup. Med. 17:782-3 (1975). . 8. Eisen, E.A., Smith, T.J., Wegman, D.H., Louis, T.S., Froines, J.:
3. Musk, AW, Peter, ] M., Wegman, D.H., Fine, L.J.: Pulmonary Func- N . :
L ) v Estimation of Long Term Dust Exposures in the Vermont Granite Sheds.
tion in Granite Dust Exposure: a Four Year Follow-up. Am. Rev. Resp. Am. Ind. 1. 45:85-94 (1984)
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ARBEITSMEDIZINISCHE VORSORGEUNTERSUCHUNGEN FUR
QUARZFEINSTAUBGEFAHRDETE BESCHAFTIGTE IN DER

BUNDESREPUBLIK DEUTSCHLAND
SIEGFRIED KNOBLOCH, Dipl.-Ing.

Steinbruchs—Berufisgenossenschaft, Hanover, Federal Republic of Germany

In der Bundesrepublick Deutschland mussen alle
Beschafiigten, die an ihrem Arbeitsplatz durch Quarz-
feinstaub gefahrdet werden, vor Beginn ihrer Tatigkeit und
danach in regelmafigen Abstanden arbeitsmedizinisch unter-
sucht werden. Wann kann von einer Gefahrdung gesprochen
werden? In der Bundesrepublik Deutschland ist fur Quarz-
feinstaub in der Atemluft der Beschaftigten am Arbeitsplatz
eine Schadstoffkonzentration von o, 15 mg/m? zulassig. Die-
ser Wert setzt voraus, daf nur gesunde Personnen dieser
Schadstoffkonzentration ausgesetzgt werden. Daraus folgt,
dap3 Beschaftigte schon bei weitaus niedrigeren Schadstof-
fkonzentrationen arbeitsmedizinisch uberwacht werden
mussen. In der Bundesrepublik Deutschland ist diese
Ausloseschwelle auf die Halfte des oben genannten
Grenzertes festgelegt worden.

Die arbeitsmedizinischen Untersuchungen mussen vor
Ausnahme der Taugkelt {Erstuntersuchung) und danach in
regelmaﬁxgen Abstanden (Nachuntersuchungen) wiederholt
werden. Die Untersuchungen selbst durfen nur von
besonderes erfahrenen und ermachtigten Arzten vorgenom-
men werden. Sofern diese keine kurzeren Zeitraume vor
schlagben, erfolgen die Untersuchungen bei quarz-
feinstaubgefahrdeten Beschaftigten in Abstanden von 3
Jahren. Nur wenn und solange der Arzt keine Bedenken
erhebt, durfen die Beschaftigten dan ihrer Arbeit weiter
nachgehen.

Der Unternehmer hat die Untersuchungstermine zu uber-
wachen, die Untersuchungen zu veranlassen, zu bezahien und
auch fur jeden Beschaftigten eine Gesundheitskartei zu
fuhren. In dieser Kartei sind neben den personlichen Daten
festzuhalten:

Tag der Einstellung und des Ausscheidens,
Art der Gefahrdungsmoglichkeiten,

Art der Tatigkeit mit Angabe des Zeitpunkies ihres
Beginns und ihres Endes,

» Angaben von Zeiten uber fruhere Tatigkeiten, bei denen
eine Gefahrdungsmoglichkeit bestand,

Datum und Ergebnis der arbeitsmedizinischen
Vorsorgeuntersuchungen.

Die Steinbruchs-Berufsgenossenschaft, der Trager der

gesetzlichen Unfallversicherung auch fur die Steinbruche,
hat seit Jahrzehnten gleichsam als Servncelelsmng—fur ihre
Mitglieder die Terminuverwachung dieser arztlichen Unter-
suchungen und die Aufbewahrung der Rontgenaufnahmen
und sonstigen Unterlagen ubernommen. So sind fur alle
quarzfemstaubgefahrdeten Beschaftlgten luckenlos fur die
Dauer ihrer Tatigkeit in einem Mitgliedsunternchmen
Unterlagen vorhanden, die bei einer beginnenden oder
festgestellten Erkrankung fur die Beurteilung herangezogen
werden konnen. Dies ist gerade im Hinblick auf die Vielzahl
der ganz kleinen Steinbruche von sehr grofer Bedeutung, da
diese Betriebe selbst kaum in der Lage sind, die
vorgeschricbenen Karteien zu fuhren und die Unterlagen
aufzubewahren.

Im Jahr 1986 hat die Steinbruchs-Berufsgenossenschaft
begonnen, alle Daten EDV-mapig zu erfassen. Seitdem
erhalt jeder Betrieb, in dem Staubgefahrdete versichert sind,
2 Monate vor Ablauf der Untersuchungsfrist eine
Benachrichtigung, dafl eine weitere Untersuchung vorgenom-
men werden muf. Dieser Benachrichtigung werden nicht nur
die notwendigen Formulare, sondern auch eine Liste der in
der naheren Umgebung tatigen und von der Beruf-
sgenossenschaft ermachtigten Arzte beigefugt. Auf diese
Weise hat der Beschaftigte die freie Arztwahl. Nach der
Untersuchung werden die Rontgenaufnahmen und die
arztliche Beurteilung der Berufsgenossenschaft zur
Aufbewahrung iibergeben Diese legt schlieflich alle
Unterlagen, die uber einen Beschaftigten vorhanden sind,
einemn besonders ausgebildeten und geubten Arzt zur en-
dgultlgen Beurteilung vor. Diese Arzte besitzen nicht nur
eine langjahrige Berufserfahrung als Lungenfacharzte,
sondern haben sich durch die Vielzahl der Falle, die ihnen
vorgelegt werden, ein besonders umfangreiches Wissen um
die Silikose erworben. Jeder dieser Arzte begutachtet im Jahr
etwa 2.000 Personen. Nicht selten kann ein Arzt lo bis 15
Rontgenaufnahmen desselben Beschaftigten zum Vergleich
heranziehen. Dieser Arzt entscheidet auch, ob der
Beschaftigte weiterhin seiner bisherigen Tatigkeit nachgehen
kann, ob die ubliche Untersuchungsfnst von 3 Jahren
verkurzt werden muf und ob ein Beschaftigter gegebenen-
falls seinen Arbeitsplatz wechseln mf. Etwa 20.000
Beschafugtc, die staubgefahrlich tatig sind, werden auf diese
Weiseuberwacht,

Entscheidend fur den Grad der Gefahrdung eines
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Beschafugten ist neben seinem Gesundheitszustand auch die
Hohe der Schadstoffkonzentration in der Atemluft am
Arbeitsplatz. Fur die Arbeitsmedizin ist es sicherlich von
sehr grofem Interesse, diese beiden Daten einander
gegenuberzustellen bzw. zu verknupfen, um eine noch
verlaflichere Beurtetlung der Grenzwerte zu erhalten. Die
Steinbruchs-Berufsgenossenschaft ist diesem Ziel schon
bereits ein grofes Stuck nahergekommen. Seit Jahrzehnten
wird eine Ziclzah! von Staubmessungen am Arbeitsplatz dur-
chgefuhrt und ausgewertet. Im Jahr 1987 wurde nun mit der
Zusammenfuhrung der medizinischen und meftechnischen
Daten begonnen. Dabei wurde zunachst besonderer Wert auf
eine moglichst exakte Beschreibung des Arbeitsplatzes und
Tatigkeit des einzelnen Beschafhgten gelegt. Bei Wechsel des
Betricbes oder Aufnahme einer anderen Tatigkeit werden
diese Daten aktualisiert. Auf diese Weise wissen wir schon
heute nicht nur, ob ein Beschaftigter gesund ist, sondern seit
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wann er einer bestimmten Schadstoffkonzentration ausgesetzt
ist. Wir beabsichtigen, dieses Verfahren forfzufuhren, so daf
wir schlieflich fur diese Beschaftigten uber ihr ganzes
Arbeitsleben hinweg die entsprechenden Daten haben. Da
nicht nur der Arbeitsplatz, sondern auch die Tatigkeit genau
beschrieben und verschlusselt sind, wird es uns kunftig auch
moglich sein, einzelne Personengruppen daraufhin zu unter-
suchen, ob sie starker gefahrdet sind als andere.

Der Vollstandigkeit halver mochte ich noch erwahnen, daf
die Steinbruchs- Berufsgenossenschaft auch einen Rontgen-
wagen besitzt, der in die Betriebe fahrt und dort an Ort und
Stelle die Nachuntersuchungen durchfuhrt. Dadurch ist
gewahrleisted, daf diese Untersuchunger zum
vorgeschriebenen Zeitpunkt nahezu luckenlos durchgefuhrt
werden und andererseits den Betrieben betrachtliche Kosten
fur die Arbeitsunterbrechung erspart bleiben.



PREVALENCE OF RADIOGRAPHIC SMALL LUNG OPACITIES AND
PLEURAL ABNORMALITIES IN A REPRESENTATIVE SAMPLE
OF ADULT FINNS

A.J. ZITTING ¢ T.Kuusela ¢ O, Impivaara* ¢ J. Maatela* ¢ A. Aromaa*

*Institute of Occupational Health, Helsinki, Finland and Social Insurance Institution, Turku and
Helsinki, Finland

ABSTRACT

This study is part of the Mini-Finland Health Survey which was carried out in a sample (n=8000) represen-
tative of the Finnish population aged 30 or over. The aim of the study was to investigate the prevalence or
radiographic small lung opacities and pleural abnormalities in this population. Of the standard full size
radiographs routinely taken, 7095 (89% of the sample) were acceptable for classification purposes. Two
radiologists recorded the findings independently according to the ILO (1980) Classification of Radiographs
of Pneumoconioses. The prevalences were calculated on the basis of findings agreed on by the two radiologists.

The prevalences of small lung opacities and pleural abnormalities all increased steeply with age and were much
higher in men than in women. The prevalences (%, age-adjusted) of the most common findings are given in

the table.
Men Women
16.5 10.0
Small opacities (at least category 1) 13.8 3.2
Diffuse pleural thickening
Pleural plaques 10.2 2.6
Pleural calcification 6.6 2.3

The divergent prevalences in men and women are probably related to differences in working conditions and
smoking habits which are currently subject to further analysis. These population based findings are likely to
constitute a useful basis for various reference purposes.

No Paper provided.
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OCCUPATIONAL ASTHMA IN MEAT WORKERS EXPOSED TO
PROTEOLYTIC ENZYMES
S.K. GALSON ¢ D.IL Bernstein* e« J.M. Boiano ¢ J.S. Gallagher* * A.B. Smith

National Institute for Occupational Safety and Health, Cincinnati, Ohio
*¥University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

ABSTRACT

InJanuary, 1987, work-related shortness of breath and wheezing among workers at a meat portioning facility
prompted a request for a NIOSH health hazard evaluation. The facility sprays steaks with spice solutions con-
taining the enzymes papain, bromelain, and ficin. Occupational asthma related to enzyme exposure had not
previously been reported in the meat industry.

To identify individuals with symptoms compatible with occupational asthma, we administered a case-finding
questionnaire to 376 of 400 current workers. Ninety-six workers with compatible symptoms, and an equal
number of non-symptomatic workers, were invited to participate in a set of follow-up examinations, which
included a more detailed questionnaire, pulmonary function testing, skin prick testing, and assays for specific
IgE to papain. Ninety-six workers participated in the follow-up. Twenty-one (23%) of 91 skin-tested workers
reacted to at least one of the purified enzymes. Eight (11%) of 73 participants completing peak-flow mea-
surements had evidence of symptomatic, work-related bronchial lability. Based on the medical studies, we
diagnosed 29 workers with possible or definite tenderizer-related occupational asthma. This corresponds to
a prevalence of 12% among workers exposed to tenderizers. This study demonstrated that IgE-mediated sen-
sitization to proteolytic enzymes, and tenderizer-related asthma can occur in the meat industry.

No Paper provided.
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THE EFFECTS OF AGRICULTURAL DUSTS ON HUMAN HEALTH IN

SHANGHAI AREA

SHEN YI-E ¢ Ye Ting-Ting ¢ Dai Gou-Qiang * Zhou Qun-Min * Lu Pei-Lian

Shanghai Medical University

SUMMARY

From 1985 through 1987, the surveys of several kinds of agricultural dusts, including rice, tea, hay and
mushroom compost, on human health have been conducted in Shanghai. Totally, 1851 subjects were in-
vestigated. There were some disorders related to the exposure to the dusts, including stimulation symptoms
on mucous membrane of airway (0.8-63.4% in them), grain fever (5.1-17.5%), hypersensitivity pneumonitis
(3.5-5.8%), chronic bronchitis (4.3-17.7%) and some changes of pulmonary function. Some potential
etiological agents and mechanisms were studied in the survey. The findings show that these dusts have af-

fected human health.

INTRODUCTION

It is well known that agricultural dusts are harmful to human
health.! From 1985 through 1987, some field surveys were
conducted in the Shanghai area in order to find out their ef-
fects on human health and to study some of the potential
etiological agents and the mechanisms of the effects.

METHODS AND MATERIALS

Dust Concentrations in Air

The total airborme dust concentrations in workplaces were
determined by using the dust collectors of DK-60-2 type and
conventional method.

The Amount of Thermoactinomycetes

In order to determine the amount of thermoactinomycetes in
air, LWC-1 centrifugal collectors of airborne microerganisms
were used to collect microoganisms in various werkplaces of
cultivating mushrooms. The samples were incubated at 52°C
and the colonies were counted every day through the fifth day.
Finally, the thermoactinomycetes were identified
morphologically.

Subjects
1851 subjects were investigated, including 349 rice pro-
cessors, 259 tea workers, 746 rice farmers and 497 mushroom

farmers. The controls were not exposed to dust in the same
arca.

Questionnaire and Puimonary Function Test

The modified questionnaires were applied for interview to the
subjects and controls.? The pulmonary function tests were
performed by using spirometer of LR-80 type in most of them,

but the tests were done by using Collin’s spirometer in
mushroom farmers and their controls.

Immunological Test

ELISA was applied to determine the level of IgE in serum
from the tea workers and the precipitins in serum were tested
in mushroom farmers and their controls. 34

RESULTS

The Environmental Study

The geometric means of airborne dust concentration in dif-
ferent workplaces have been found to be from 13.2 to 76.9
mg per cubic meter in rice processing mills and from 2.3 to
36.4 mg per cubic meter in the tea mills. In addition, the
geometric means of the amount of thermoactinomycetes have
been found to be from 1.07 X 10% to 4.39 X 10° CFU per
gram of the compost of mushrooms and from 262 to 3276
CFU per cubic meter of air in the workplaces of cultivating
mushrooms during the work except the duration of picking
mushrooms, but only from 13 to 42 CFU per cubic meter of
air in control places.

Response to The Dusts

The prevalence of stimulation symptoms on mucous mem-
brane was 63.4% in rice processors, 53.7% in tea workers,
29.8% in rice farmers and only 0.8 % in mushroom farmers.
Meanwhile, the prevalence of grain fever was 17.5% in rice
processors and 5.1% in rice farmers, being significantly dif-
ferent between them (P < 0.05). However, the hypersensitivi-
ty pneumonitis (HP) was not found in rice processors. The
prevalence of HP (farmer’s lung) was 3.5% in rice farmers
and the prevalence of mushroom worker’s lung, another kind
of HP, was 5.8% in mushroom farmers, the latter being
significantly higher than the former (P <0.05).
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The prevalence of chronic bronchitis in male and female rice
processors was the highest (17.7 and 9.9%) of all male and
female groups (P <0.01 and P <0.05). The prevalence (in
male and female respectively) was 10.6 and 4.3% in rice
farmers, 6.7 and 5.5% in mushroom farmers, 2.2 and 1.0%
in controls. The prevalence in the tea workers of twe mills
was 5.6 and 6.0%, respectively.

Pulmonary Function Test

The ratio of the observed to the predicted (O/P) FEV, V75,
Vg and V35 declined in different groups. The values of FVC,
FEV,, Vs and V45 declined after shift compared with those
before the shift in female tea workers significantly and the
FEV; also declined in female rice processors, but not
significantly. It was also shown that the values of FEV, FYC
and FEF)¢ 754 decreased significantly in the farmers after the
season of cultivating mushrooms.

Immunological Test

The average levels of total IgE in serum from the tea workers
in the two mills were significantly higher (490.83 and 539.63
IU per ml) than that (290.03 IU per ml) from the controls.
Moreover, the prevalence of precipitin reaction against an-
tigens from T. candidus 106 and T. vulgaris 941 was
significantly higher (64.7 and 41.2 %) in mushroom farmers
than that (6.0 and 8.4%) in controls.

DISCUSSION

The Maximum Allowable Concentrations of airborne rice and
tea dusts in the workplace are 10 mg per cubic meter and 3
mg per cubic meter in China, respectively.’ In these surveys,
most of the samples of airborne dusts had concentrations
higher or much higher than the MACs. The rice processors
and tea workers were exposed to the high concentration of dust
at work every day, which probably was the main cause of the
high prevalence of stimulatiocn symptoms on mucous mem-
branes. The rice farmers were only exposed to the rice dust
outdoors in the harvest season, so their exposure might not
be as serious as the processors and workers. Since the com-
post of mushrooms was rather wet, there was not so much dust
from it, but the acrosol containing microorganisms might
generate from it. Therefore, the prevalence of the symptoms
in the farmers was not as high as that in the processors and
workers.

The prevalence of chronic bronchitis increased in pace with
smoking and age. Although, there was no significant dif-
ference of age and smoking habit between male rice processors
and other subjects, the prevalence of chronic bronchitis was
higher in them than in others. There were almost no women
smokers in Shanghai and the average age of female rice pro-
cessors was younger than that of others, but the prevalence
in them was higher than that in others. In addition, the
prevalence in every group of subjects was higher than that in
controls. Therefore, the chronic bronchitis in the subjects
might be related to their exposure to the agricultural dust,
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especially to the rice dust in the processing mills.

The prevalence of grain fever in the rice processors was higher
than that in rice farmers, which could be related to the fact
that exposure to dust was more severe in the former than in
the latter. But there was little mouldy rice in the rice process-
ing mills, so the HP was not found in the mills. However, since
the rice farmers were not only exposed to the rice dust, but
also to mouldy hay dust sometimes, the prevalence of HP
(farmer’s lung) was 3.5% in them. The mushroom farmers
might be exposed to more amounts of thermeactinomycetes
in the aerosol from the compost of mushrooms than the rice
farmers, thus, the prevalence of HP in them was higher than
that in the rice farmers.

Many of the subjects exposed to the agricultural dusts have
had some damage of pulmonary function. The changes were
obvious in tea workers, which appeared to be obstructive in
airway. FEV, and FVC decreased, but FEV/FVC did not
in some mushroom farmers after a cultivating season, which
might be consistent with the change of HP.?

Mushroom farmers were mainly exposed to thermoac-
tinomycetes like T. vulgaris, but not 1o M. faeni, and the
precipitins in serum from them were mainly against T. can-
didus and T. vulgaris but not against M. faeni. So, the main
antigens of HP might be from T. vidgaris and related taxa,
which is probably similar to the findings of the etiological
study of farmer’s lung in other districts of China.®

In addition, the level of IgE in serum was raised in some tea
workers who had some respiratory symptoms related to ex-
posure to tea dust, which might imply that some symptoms
were possibly related to the mechanism of allergy.?

1t could be concluded that these agricultural dusts had affected
human health in Shanghai. Some preventive measures should
be taken such as supression of dust and mould, personal pro-
tective measures, and so on. !0
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OCCUPATION INDUCED PULMONARY DISEASE IN A WAFER BOARD
MANUFACTURING PLANT, COLORADO

T.R. HALES ¢ P. J. Seligman ¢ B. J. Daniels
National Institute for Occupational Safety and Health (NIOSH), Cincinnati, Ohio, USA

ABSTRACT

In December 1986 the Colorado Department of Health requested assistance from the National Institute for
Occupational Safety and Health in evaluating a cluster of asthma cases among employees of a wafer board
manufacturing plant. The plant reduces aspen logs to thin wafers, which are then pressed into rigid wafer-
boards using MDI (4,4-diphenylmethane diisocyanate) as the binding agent. A cross-sectional survey of 97
current employees and directed review of 93 former employees identified 13 cases of disease for an overall
attack rate of 6.7%. The attack rate among current employees was 3%, while the attack rate among farmer
employees was 11% . Personal air samples for MDI were within NIOSH's standard (5 ppb), suggesting that
our cases represent sensitized individuals. To identify risk factors associated with disease a case control study
was undertaken. No association was found between family or personal history of asthma, eczema, hayfever,
smoking, or job title. Given our inability to find any predictive pre-employment screening tests, nor identify
any particular area or job title with MDI exposure, surveillance of the current workforce for early MDI sen-
sitization is very important. Symptom questionnaires, peak expiratory flow readings, MDI-ELISA and RAST
tests, could all be used.

No Paper provided.
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MILL WORKERS IN ETHIOPIA

WOLDE YOHANNES MENTESINOT,* M.D., MSc ¢ Yves Bergevin,} MDCM, MSc »

Amani Yacob Mgeni,§ M.D., DPH, MSc

*Department of Community Health, Faculty of Medicine, Addis Ababa University and Ministry of
Health, Addis Ababa, People’s Democratic Republic of Ethiopia

1Department of Epidemiology and Biostatistics,

McGill University, Montreal, Canada and McGill-Ethiopia Commmunity Health Project, Addis

Ababa, People’s Democratic Republic of Ethiopia

#Representative Office, World Health Organization, Addis Ababa, People’s Democratic Republic of Ethiopia

INTRODUCTION

Although occupational lung disorder caused by inhalation of
cotton dust is a continuing problem and byssinosis is now
known te occur worldwide, cotton production and consump-
tion has expanded rapidly in developing countries. The Peo-
ple’s Democratic Republic of Ethiopia being one of the cot-
ton producers and consumers countries in Africa, started ex-
panding its textile industries since the last decade and the
number of its workers in cotton processing continues to grow
annually.

Lots of studies in cotton mills were done and reported from
many developed nations and also few reports regarding
respiratory problems have been documented from develop-
ing countries like Egypt,! Sudan,? Tanzania,> and Hong
Kong,* but there is no article published concerning the prob-
lems caused by cotton dust in Ethiopia. Thus, this paper
represents the first epidemiological study of the textile industry
in Ethiopia using diagnostic criterion similar to those which
are applied in developed countries, such as the United States
of America and Great Britain.

A few studies of cotton textile workers have looked into the
prevalence of respiratory symptoms and lung function com-
pared with those of control subjects.’-67-3 There is also a
limited number of studies that have reviewed lung function
in cotton textile workers with and without byssinosis or bron-
chitis,%10.!1 This study investigated the prevalence of
byssinosis and other respiratory problems among workers ex-
posed to cotton dust in a textile mill in Ethiopia and also at-
tempted to explore determinants by considering workers ex-
posed to cotton dust in the textile mill with respiratory tract
diseases as case study group and without respiratory tract
disease as control group.

This cotton textile mill was established in the early 1960s and
a daily eight hourly system is operating contincusly for the
whole week, while intermittently providing a *‘day-off™’ for
each worker to rest. In spite of the attempt to retrofit current
ventilation systems in the early 1980s, plant officials stated
ﬂmtlhegustyenvimnmentrmnainedunchangedsincethcwly
1960s.1
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MATERIAL AND METHODS

Population

This study included a group of randomly selected 595 workers
(322 male and 273 female) representing 40.5% of workers
involved in dusty operations in the blowing, carding, draw-
ing, simplex, ringframe, preparatory and weaving sections
of a cotton textile mill in Bahir Dar, Ethiopia.

Environmental Assessment

The concentration of airborne dust in the breathing zone was
determined with the casella personal dust sampler and the
sampling rate was set to 0.2 1/min. The concentration of air-
borne dust in the general environment was concurrently
monitored with an Anderson dust sampler fitted with a ver-
tical elutriator (General Metal Works Inc.) that was set up at
a height of 1.5m at selected positions and samples were drawn
at a rate of 7.41/min. Multiple area samples were taken and
the duration of sampling ranged between 8-10 hours (mean
8.7 hours). All samples were collected on What man glass
fibre GF/A with 3.7 cm diameter and weighing was done on
a calibrated analytical balance before and after sample col-
lection after equilibrating filters in the laboratory for 24 hours.

Interviews and Physical Examination

A modified version of the British Medical Research Council
Questionnaire was filled out and each worker was fully ex-
amined with emphasis being laid on signs and symptoms sug-
gestive of respiratory diseases. All workers were blindly in-
terviewed and examined by one trained physician. The stages
of byssinosis were defined according to the clinical grades sug-
gested by Schilling et al.!3 Subjects were also diagnosed as
having other respiratory diseases based on previously stated
criteria. 14-13.16 Subjects who gave confirmed past history of
respiratory diseases were also considered in this study.

Pulmonary Function Test

Subjects’ forced vital capacity (FVC) and forced expiratory
volume in one second (FEV,) were measured under the
direction of 2 technician using a multipurpose spirometer.



Function testings were carried out on each worker on the first
day of the shift after at least one day absence from work and
repeated at the end of the same shift. Five expiratory efforts
were recorded and the mean of the two highest values was used
to estimate the FEV and FVC. All volumes were adjusted
to body temperature and pressure saturated with water vapour
(BTPS). The preshift FEV; values were compared with the
expected normal values of Cherniack and Rater."?

For all statistical tests, P less than 0.05 was considered
significant.

RESULTS

Population

All the 595 workers in the study voluntarily underwent inter-
view, physical examination and pulmonary function testing.
Non-reproducible function tests of 32 subjects were exclud-
ed only from pulmonary function test analysis. There were
only 14 smokers and 4 ex-smokers, all male. Over 95% of
the cotton workers had not changed jobs or their sections dur-
ing the course of their empioyment.

Environmental Assessment

The concetrations of airborne cotton dust are shown in Table
I. The highest concentration of cotton dust was recorded in
the blowing and carding sections, whereas the lowest was
recorded in the weaving and sections. The amount
of dust generated in the blowing and carding operations was
high and more than two fold compared to other operations
(P <0.005). The mean dust concentration and the mean time-
weighted dust concentration were much higher (P« 0.001) in
the case study group than in the control group.

Respiratory Conditions

The prevalence of byssinosis and other respiratory tract
diseases is summarized in Table H and Figure 1. The
prevalences of byssinosis, chronic bronchitis and bronchial
asthma were very high (P<0.001) among blowers and carders
in comparison to those in other sections. The overall
prevalence of hay fever (28.3%) was the highest of all the
Tespiratory problems in the textile mill. Generally, the
prevalence of byssinosis, chronic bronchitis and bronchial
asthma showed a significant increase with the duration of ex-
posure to cotton dust in the textile mill (Table IIT). No signifi-
cant difference was observed in the prevalence of byssinosis
between smoking and non-smoking workers, otherwise, the
effect of smoking on the prevalence of chronic bronchitis was
significant (Table IV). In general, 48.1% of the study popula-
tion had one or more respiratory tract problems while the re-
maining 51.9% had neither symptoms and signs nor gave past
histories of respiratory tract diseases.

We regrouped the study population in two strata based on the
frequency distribution of the time-weighted elutriated dust
concentration as those with a high and low cumulative dust
exposure and cross tabulated, assuming the present dust levels
were more or less similar to the past ones,

The estimated relative risks of developing byssinosis and other
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respiratory problems in high cumulative cotton dust exposure
were statistically significant when compared to low cumulative
cotton dust exposure (Table V). Also the estimated relative
risk of manifesting symptoms of respiratory impairment was
significant in those exposed to high cumulative cotton dust and
developed respiratory tract problems when compared with
those exposed to low cumulative cotton dust (Table VI).

Pulmonary Function Test Analysis

A statistically significant (P < 0.001) across-shift decrements
in FEV; and FVC and alsc a decrease in the percentage
predicted FEV| were noted in the case study group when
compared with the control group. There was a significant
reduction in FEV (P<0.001) at the end of the shift, more
than 10% and/or 20% among byssinotics when compared with
the controls (Figure 2). Also a significant increase in percen-
tage reduction in FEV,; was noted with an increase in
byssinoiss grade. The chronic changes in FEV; among ex-
posed workers were further analysed according to Bouhuys
et al.’® While 24 % of byssinotics developed FEV; moderate
to severe chronic changes (P < 0.001), only 1% of the non-
respiratory tract disease group (controls) showed similar
changes (Table VII).

Generally, the repression analysis results shown in Tables VIIY
and IX indicate statistically signficant dose-response relation-
ship between respiratory problems and pulmonary function
test results at one hand and current, cumulative and length of
exposure to cotton dust at the other.

DISCUSSION

The results of our study showed that the concentrations of air-
borne cotton dust in the different sections of the surveyed tex-
tile mill were very high, with concentrations greatly in excess
(nearly 4 to 17 tons) of 0.2 mg/m? of dust. This was in ac-
cordance with reports on other cotton mills.2-620 Also the
dust collected at the early stage of yarn production was very
high and this was similar to those reported by others.221.22

The high prevalence of byssinosis in the blowing and carding
processes is similar to those reported by other in-
vestigators.2-232* The high prevalence of byssinosis in draw-
ing, simplex and ringframe spinners may be due to the fact
that the level of cotton dust was still high in these sections,

Inspite of the controversy surrounding the relationship be-
tween the prevalence of byssinosis and the duration of ex-
posure, our study showed a significant increase in the
prevalence of byssinosis with duration of exposure. The same
relationship had also been observed in Sudan and
Egypt.220:2! The progression in the stages of byssinosis in
relation to the duration of exposure observed in our finding
support previously reported conclusions that the different
grades of byssinosis succeed each other in diseased sub-
jects.22021 Our results also showed that there was a signifi-
cant association between the prevalence of byssinosis and
time-weighted dust concentration. This is in agreement with
Fox et al.Z Qur results showed that smoking had no signifi-
cant relationship with the prevalence of byssinosis, probably
because of the small number of smokers in our study. Hence
due to this small number, there may be a risk of a type I error.
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Table 1

The Concentration of Airborne Cotton Dust in Study Sections
by Area Sampling and Personal Sampling (Mean 1+ SD)

Area Sampling Personal Sampling

Section Number of =31 halable] *Respirable
Samples Dust mg/m Dust mg/m

Biowing (1) 14 3.52 * 0.98 3.83 * 1.06
Carding (2) 18 3.21 + 1.09 3.58 + 1,07
Drawing (3) 11 1.62 * 0.44 1.93 + 0.23
Simplex (4) 11 1.29 + 0.32 1.72 + 0.26
Ringframe (5) 27 1.19 + 0.49 1.57 + 0,55
Preparatory (6) 12 0.92 + 0.23 1.21 + 0,33
Weaving (7) 25 0.86 *+ 0.35 1.03 + 0,37
Level of Significance lez P>0.05 IVSZ P>0.05

IVs3 - 7P<0.0005 IVS3 - 7P<0.0005

2Vs3 - 7P<0.005 2Vs3 - 7P<0.0005

{Bahir Dar, 1988)
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Table I

The Prevalence of Respiratory Diseases Among Exposed Workers
Mean Age and Duration of Exposure

General Epidemiology

Number Age Duration of BYSSINOSIS NO. (%) _ .Chronic Bronchial
SECTION Examined  (Years) Exposure .
Mean t SD  (Months) Gi Gl Gii Total Bronchitis  Asthma
. MEAN t SD No. (%) No. (%)
Blowing (1} 44 41.3 + 7.3 201.9 * 87.2 3{7)] 7(15.9} 9(20.5]) 19¢43.2}* 21{47.7)* 9(20.5)*
Carding (21 40 4.5 + 6.9 200.7 * 74.8 - 2(5) 13(32.5) 15{37.5)* 18(45)* 5{12.5)
Drawing (3) 25 39.9 * 6.6 239.6 * 68.5 3(12) 1(4) 2(8) 6(24) 8(32) 3(12}
Simplex (4} 42 40 * 6.8 235.3 + 69.4 37} 3(7.1} 4(9.5] 10(23.8) 10{23.8) 3(7.1)
Ringframe(5) 174 37.5 + 6.5 233.1 *73.2 12(6.9} 9(5.2}) 9(5.2} 30(17.2) 32(20.7) 17(9.8}
Prepuratory (6} 128 37.1 ¢+ 5.8 222.9 #71.5 10(8) - 4(3.1) 14(10.9} 23(18.0} 15(11.7}
Weaving (7) 142 39 * 4.6 238.7 + 67 3(2.1) 2(1.4) 1{0.7} 6{4.2] 25(17.6) 12(8.5)
TOTAL 595 38 * 6.9 218.3 + 79.5 34{5.7] 2a(4} 42(7.1) 100{16.8} 137(23) §5(10.8)
* P< 0.001
{Bahir Dar, 1988
Table III
Duration of Exposure and the Prevalence of Respiratory Diseases
Duration Number BYSSINOSLIS NO (%)
of Exposure Examined Chronci  Bronchial
(Years} Bronchitis Asthmo
Gi Gi Gl TOTAL No. (%) No. (%}
< 10 Years 105 2(1.8}) 4(3.8 } - 6(5.7} 17(16.2) 2 (1.9)
10 - 20 Years 208 11 {5.3) 6(2.9) a8 (3.3) 25{12) 43(20.7) 12 (5.8 }
® 20 Years 282 21(7.4) 14 {5} 3a(12.7 ) 69(24.5) 77(27.3) 50(17.7 )
TOTAL 595 34(5.7} 24(4) 42(7.1} 100( 16.8) 137 (23 ) 64( 10.8}
P<0.001 P< 0.05 P< o001
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Table IV
The Effect of Smoking on the Prevalence of Byssinosis
NUMBER DURATION
GROUP EXAMINED EXPOSURE BYSSINOSIS NO. (% CHRONIC BRONCHIAL
{YEARS) BRONCHITIS ASTHMA
{MEAN * SD }+ G GI Gl TOTAL No. (%) NO. %)
Smokers iy 17.1 + 8,2 T {7.1) ¥z.1) 1{7.1) 32140 9(64.3)%~ -
Non or Ex-
smokers 581 8.2 * 6.8 33(5.72) 23 (4 ) 41 {7) 97(16.7) 128 (22) 6% (11}
+N.S. (P53 0.05) * N.S. " P<0.001
{Bahir Dar, 1988)
Table V

Comparison of Cases (Byssmoms and Other Respiratory Tract Diseases Groups) with Control
(No Respiratory Tract Disease Group) Using Time Weighted Dust Concentration

High Time Weighted Low Time Weighted

2 95%
CROUP Dust Concentration Dust Concentration X (1d-f.} P-Yalue Odds Confidence
{366.72-1182. 7}"} {183.36 -206. CJI Ratio Interval
{mg months/m™} {mg months/m™} {c.1.)
NO. % NO. %
Control
No R.T.D 78 {38.8) 123 (61.2}
Cases
. AN R.T.D 122 {(63.2) 71 {36.8) 23,46 P<0.001 2.71 f2.28, 2.93)
. Byssinosis 69 {93.2} 5 { 6.8) 64. 47 P<0.001 21.76 {8.41, 55.26)
Chronic Bronchitis 67 {69.8} 29 {30.2) 24.96 P<0. 001} 3.62 {2.16, §.11}
. Bronchial Asthma 29 (78.4) {21.6} 19.79 P<0. 001 5.72 {2.48, 13.07)
. Plumonary 12 {75) [ ] {25} 7.9% P<0. 01 4.73 {1.46, 15.18)
Tuberculosis
. Pneumonia 32 {61.5} 20 {38.5) 8.68 P<0.01 2.52  [1.34, .71}
Hay Fever 67 {61.5) 42 {38.5) 14.59 P<O. 001 2,52 {1.55, 4.06)

{Bahir Dar, 1988)



Although previous investigators™? found that the prevalence
of chronic bronchitis is not related to dust concentrations, the
significant relationship observed in our study is in agreement
with those of El Karim? and Merchant et al.26 Although
cigarette smoking is the single most important etiologic fac-
tor of chronic bronchitis, occupational and environmental ex-
posures are now receiving more attention as also supported
by our finding.

Our finding also showed that bronchial asthma was high
among the blowers and had a significant relationship with the
curnulative cotton dust exposure. A majority of the asthmatics
developed the problem after they had worked for several years
in this textile mill. Even though a majority of the asthmatics
gave negative family histories of allergy, 34.4% had had in-
termittent symptoms of rhinitis which was mostly seasonal.

Owr finding showed that there was no significant relationship
between hay fever and current dust exposure but the relation-
ship with longevity in the cotton textile mill and cumulative
cotton dust exposure was significant. This finding probably
might be due to the reason that an allergic reaction does not
occur on first exposure. The latent interval during which sen-
sitization occurs varies from a few weeks to many years.
‘When hay fever, for that matter even asthma, first develops
some years after an employee entered an industry, it is easy
to understand that an occupational origin may be completely
overlooked. In our study 2 majority of hay fever cases

developed the symptom complex after many years of longevity
in the textile mill.

Even though there is some evidence that byssinosis is not more

prevalent among atopic than non-atopic workers,?” our find-
ing revealed that the majority of byssinotics (55%) had clear-
cut characteristic symptom complex of hay fever (allergic
rhinitis). Added to this, the prevalence of hay fever was very
high in our study population. In agreement to this and as
described by Jones et al,?® atopy might be an important risk
factor in the development of byssinosis and indicates the im-
portance of identifying atopic workers.

Our study demonstrated that byssinotics had significantly
greater acute decrements in FEV; throughout a workshift than
those without respiratory tract diseases, supporting the find-
ings of earlier investigators.?2%3 The cotton exposed
workers with byssinosis had also a significantly lower percent-
predicted FEV than those in the group without respiratory
tract desease (control), being in agreement with previous
investigators.2.8.9.31,32,33

In conclusion, our findings suggest that there may be high
estimated risk of developing respiratory discases and impair-
ment as well as leading workers to absence from work due
to illness in high time-weighted dust concentration than in low
time-weighted dust concentration signifying the extent of the
occupational health hazard that calls for due consideration by
all those concerned. Also an immunological dysfunction such
as atopy, may be a risk factor in the development of cotton
dust induced respiratory disease. Thus keeping in mind cot-
ton dust has diverse content as described by many investiga-
tors, the extent of association between exposure to cotton dust
and hay fever and also the extent of development of byssinosis
and other respiratory problems among atopic and non-atopic
workers should be investigated and analysed in depth.

Table VI

Comparison of Symptoms of Respiratory Impairment and Period of Absence from Work Due to Sickness in Those Cases
with High and Low Time Weighted Dust Concentration with ‘‘No Respiratory Tract Disease’” Group as Control

High Time Weighted Low Time Weighted

Dust Concentrotion
(366.72 - 1182.72}

Dust Concentration oDDs 95%
f183.36 - 206.4)

Xzﬂ d.f.}) P-Value R a t i o Confidence

GROUP {mg months./ m3) {mg monthslm3) Interval
{c.1.)
No. (%) No. (%)

Control

+ No R.T.D 78 {18.8) 123 {61.2)

Cases
Sob Hill* 112 {70) 48 {30) 34.77 p<a. 001 3.68 {2.36, 5.7)
Sob Level ** 81 {80.2} 20 {19.8) 46.18 p<o. 001 6.39 {3.6, 11.25)
Sob Pace *** 29 {87.9) 4 {12.1} 27. 5 p<o.o01 11.43 {6.62, 19.89)
Sick Week 64 (71,9} 25 (28.1) 27.05 p<e. 001 4.04 {2.36, 6.96)
More liness 32 {69.6) 14 (30.4) 13.77 p<0.001 3. 6 {1.8, 7.17)

(bahir Dar, 1988)

*  Shortness of breath while walking up a slight hill
Shortness of breath while walking on a level ground with persons of the same age
Shortness of breath even when walking at own paoce.

ak
ek
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Chronic Changes in FEV{ among Exposed Workers

Table VI

FEV, CH R ON I C CHANGES *

Byssinosis Number No. Change Moderate - Severe
Examined @& 80% of Pre- 60-80% of d50% of Predicted
dicted Value Predited Value Value.
No. % No. % No. %
No. R.T.D
Controls 309(51.93) 210 67.96 96 31.07 3 .97
Byssinosis
Grade 3 34(5.71) 20 58.82 13 38.24 1 2.94
Grade 1 24(4.03) 117 45,83 8 33.33 5 20.83
Grade 11 42(7.06} 9 21.43 15 35.71 18 42,86
All Grades 100(16.81) 40 40 36 136 24 24%*
Total 595(100) 376 63.19 191 32.1 28 4.71

Lung function was not recorded for 32 subjects.

* Graded according to Bouhuys et al. (1970)

** pP< 0.001

(Bahir Dar, 1988)
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Regression Coefficients for Time Weighted Cotton Dust
Concentration, Age, Height and Weight in Byssinosis and

Table VIII

General Epidemiology

Pulmonary Function Models
VARIABLE MALE FEMALE ALL WORKERS
(N = 323) {(n= 272) (N = 597}
. + + +
Byssinosis*  Total Dust 0.002" 0.00r 0.002
Age 0.059 0. 104* 0.079
Weight ~0.012" 0. 109* 0.01"
Height =-0.01 0.002 0.033
+ + +
FEVT** Total Dust 0,221 0.167" 0.207°
Age 0.095 0.009 0,06
Weight ~-0.07 -0.017 0.045
Height -0.018 -0.044 0.011
+ + +
FyC#** Total Dust 0.085 0,044 0.0661"
Age 0.115 0.015 1.088"
Weight -1.029+ 0.033 0.019
Height 0.039 0.072 0.048
Lung function was not recorded for 32 subjects.
+ p< 0.001
+ p< 0.05
N.B. For differences between sexes, after allowance for age, height
and weight.
2

*MALE F (1 and 320 d.f.) = 98.96

*FEMALE F(1 and 271 d.f.) =44.96
** MALE F (1 and 302 d.f.) =52.53
** FEMALE F (1 and 257 d.f) =17.2
*** MALE F (1 and 302 d.f.) =22.14
#a% CEMALE F(1 and 257 d.f.) = 4.05

{Bahir Dar,

1988)

P<0.000 and R, =0.23621
P<0.000 and R
P<0.000 and R” _=0.14100
P<0.0000 and 13 =0, 05967
P<0.000 and R 2=0.06471
P<0.0452 and R =0.01472

2

2 =0.14229

889



General Epidemiology

Table IX

Regression Coefficients for Period of Exposure,
Current Cotton Dust Exposure and Cumulative Cotton Dust
Exposure in Byssinosis, Chronic Bronchitis, Bronchial Asthma,
Pulmonary Tuberculosis, Pneumonia, Hay Fever and Pulmonary Function Models

Current Exposure Cumulative Exposure

Svmptom Period of Exposure Cotton Dust Cotton Dust
ymp {Months) Concentration Concentration 3
(mg/m~ ) {mg months/m”)
Byssinosis 0. 002" 0. 308" 0.001%
Chronic Bronchitis  0.042%* 0.065 3.76 E-04"
Bronchial Asthma 0.066* 0.117 0.075%*
Pulmonary
Tuberculosis 8.65 E-04 0.011 7.26 E-05*
Pneumonia 0.046 0.055 1.84 E-04+
Hay Fever 7.14 E-04+ 0.066 0.077**
FEV, 0.427 0.054 0. 154"
FVC 0.005 0.006 0.06"
# P< 0.001
+ P< 0.01
* P< 0.05

** P< 0.05 in one tail test (this is considered since the hypothesis
from the outset was unindirectional }

N.B. General Models: Symptom = Bo + pl; {(age) + ﬁz (Sex) + ﬁ3 (height)
+ B,', (weight) + ﬁs (exposure) x &

{Bahir Dar 1988)
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RESPIRATORY SYMPTOMS AND DUST EXPOSURE

IN THE WOOL TEXTILE INDUSTRY

R.G. LOVE, Ph.D. » C.O.Jones, MSc & D.Gurr * C.A. Soutar, M.D. * A. Seaton, M.D.

Institute of Occupational Medicine, Edinburgh U.K.

Previous studies have indicated that respiratory sympioms are
more prevalent in workers exposed to wool mill dust than in
those who are not!-2-4-5.7.9 but only one study of respiratory
symptoms in wool textile workers in the United Kingdom has
been reported. !

Moll® first identified cases of occupational asthma among
workers exposed to wool in 1933 but more recent studies have
reported non-specific symptoms of chronic bronchitis and
shortness of breath as the main respiratory condition ex-
perienced by between 5% and 50% of the workforce depend-
ing on age and length of exposure. 24 Other studies of wool
textile workers have also indicated a fall of lung function dur-
ing a work shift® or on the first day back at work.? Bacterial
endotoxin has been implicated as the aetiological agent in the
most recent study.”

We have undertaken an epidemiological survey of over two
thousand workers in the woollen, worsted and carpet yarn sec-
tors of the industry and have compared the frequencies of
respiratory symptoms reported by these workers with
measured concentrations of inspirable wool mill dust in their
immediate vicinity by means of personal dust sampling.

METHODS

Fifteen wool textile mills employing 2783 workers in and
around Bradford, Dewsbury and Hudderfield in West
Yorkshire were selected to participate in the study. They
represented all the main processes which are carried out in
the industry, and ranged in size from 4 to nearly 400
employees. We designed a respiratory symptoms question-
naire intended to establish a broad range of symptoms and their
possible temporal and locational relationships to occupation
and current dust exposure. Questions about cough, phlegm,
wheezing, chest tightness, breathlessness and its variability,
rhinitis, conjunctivitis, nosebleeds, chills and chest illnesses
were included, some of these qualified by additional questions
identifying exacerbation or improvement of symptoms at dif-
ferent times of day, days of the week, seasons and in particular
places. Detailed smoking histories and occupational histories
including details of shifts and part-time work were also ob-
tained from which jobs could be allocated to occupational
groups. These questionnaires were translated into Urdu for
use on Asian workers who did not speak fluent English.

Concentrations of inspirable dust were measured using In-

stitute of Occupational Medicine personal inspirable dust
samplers, which were worn for part or all of a shift by
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representative workers in each job or process, a larger number
of samples being collected in the dustier jobs. Average in-
spirable dust concentrations were assigned to each of 16 oc-
cupational groups, based on the measurements made at the
mill concerned or estimates derived from log-linear models
from the measurements made elsewhere. Endotoxin levels in
dust were also measured in a limited number of static samples
at six mills by the Limulus method.® These measurements
were performed under the direction of Dr. M.D. Topping,
Occupational Medicine and Hygiene Laboratory, Health and
Safety Executive).

Logistic regression analyses were used to assess the contribu-
tion of independent variables such as dust concentration to ex-
plain the variation in each of the symptoms separately.

RESULTS

Inspirable dust concentrations based on 630 personal samples
ranged from zero in non-process work to over 100 mg/m? in
some very dusty processes, such as work with wool waste.
Over 9% of the workforce were exposed to shift average dust
levels greater than 10 mg/m?, the nuisance dust standard cur-
rently applied to the industry. Wool opening, blending,
worsted carding and carpet yarn backwinding were particular-
ly dusty jobs, average levels being as high as 14.8, 180.5,
39.1, and 46.7 mg/m? respectively in some mills. Endotox-
in was found in measurable quantities (up to 650 ng/mg dust)
in several samples throughout the process.

Complete questionnaire data were available for 2151 workers,
which represents 85% of the available workforce. Of these
workers 77% were male, 69% European, 28% Asian and 3%
West Indian in origin. Just under half were current smokers.
Eighteen percent opted to be interviewed in Urdu.

Symptom prevalences in the population overall were as
follows: Chronic bronchitis (persistent cough and phlegm),
9% ; wheeze (at any time), 31 % ; breathlessness grade 3 (walk-
ing with others on level ground), 10%; persistent rhinitis, con-
junctivitis and chills, 18%, 10% and 2% respectively and 10
or more nosebleeds in the past year, 2% . The first five of these
symptoms were significantly related to current dust concen-
tration once age, sex, smoking habit and ethnic group had been
allowed for. Table I shows the prevalence of these symptoms
at increasing inspirable dust levels.

The results of the logistic regression analysis predicted a rapid
rise in symptom prevalences over the dust concentration range



0-5 mg/m?3 and a slower increase at higher concentrations up
to 20 mg/m? and above (Table IT}. The highest relative risks
in non-smokers for some of the more important symptoms
were found among European women and were, in relation to
non-dust exposed, non-smoking women aged 40, 2.47 for
rhinitis, 2.77 for chronic bronchitis, 3.56 for conjunctivitis
and 6.20 for grade 3 breathlessness at concentrations of 10
mg/m3.

In addition, the risk of taking time off work because of chest
illnesses increased significantly with increasing dust exposure,
and dyers and scourers had a four-fold higher risk despite low
dust exposures.

General Epidemiology

DISCUSSION

This study was designed to include the full range of working
conditions to be found in the British wool textile industry. The
entire workforce of 15 mills was encouraged to participate and
the overall response rate of 85% gives confidence that the
results are reasonably representative of the whole current
workforce. The specially designed questionnaire was intended
to identify all the common respiratory symptoms, in order to
assess the syndromes related to wool dust exposure. Inclusion
of material from other tried and tested questionnaires;
thorough testing for comprehensibility and ease of use; and
the similar relations of symptoms and smoking habit among

Table I
Symptom Prevalences in Groups Exposed to Different Dust Levels

Dust concentration (mg/m3)

Symptom Grade 0.1 0.1-1 1-10 10-100 >100
(4)% (1206) (740) {187) {6)
Cough and Phlegm Occasicnal 25 19.6 25.2 37.4 50
Persistent 0 5.8 10.8 19.8 33.3
Wheeze Present 50 24.6 35.3 55.1 66.7
Breathlessness 2 and 3 25 39.3 40.8 60.4 50
4 and 5 0 1.8 3.0 1.6 0
Rhinitis Occasional 25 15.7 19.7 29.4 0
Persistent 0 14.9 19.3 36.9 16.7
Conjunctivitis Occasional 25 11.3 12.6 23.0 33.3
Persistent 0 8.0 10.0 23.0 20
¥ Number of individuals in group
Table I
Estimated Frequencies* of Symptoms, Predicted for
Different Inspirable Dust Concentrations in Current Job
Estimated symptom Dust concentration (mg/m3)
frequency (%) 0 2.5 5 10 20
Persistent cough and phlegm 5 9 11 12.5 14.5
Breathlesanesa, grade 3
or more 6 10.5 13 14 14.5
Persistent rhinitis 12 18 20 22 23
Persistent conjunctivitis 6 10 11.5 13.5 16.5

* weighted averages of estimated frequencies for non-smokers and current
smokers aged 40, assuming a population including proportions of smokers,
non-smokers, men, women, ages and ethnic groups similar to the population

under study.
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different ethnic groups and Urdu speakers also encourages us
to have confidence in the results of this questionnaire. Fur-
thermore the consistency of the results across all factories and
other subgroups of the workforce, and consistency between
symptom complexes, is strong evidence that the associations
between symptoms and inspirable dust concentrations are real.
We selected the inspirable fraction, which includes the
respirable fraction, because of our concern with heatth effects
on the nose as well as the lungs.

Our results confirm previous reports of r&spumory symptoms
related to exposure to dust or length of time spent working
in wool textile mills. 12:4.5.7.9 We also identified the presence
of endotoxin in a limited series of measurements and further
studies are currently being undertaken to investigate the possi-
ble role of endotoxin in the causation of respiratory disease
among wool textile workers. Indeed a recent study has im-
plicated bacterial endotoxin in the aetiology of a byssinotic-
like condition among Turkish carpet weavers.”

The questionnaire responses indicate dust related disease at
all levels of the respiratory tract, although it is not clear
whether the pathogenesis of this response includes phar-
macological, toxic or allergic mechanisms, or is merely a
response to the physical dust load.

Evidence (not presented here) from exploratory questions on
the variability of breathlessness suggests that, although related
to dust exposure, such symptoms are relatively infrequent,
about 3% overall. Therefore these symptoms are in most cases
not very like asthma but require further investigation as does
the observation of increased risk of time off work because of
chest illnesses workers involved in the scouring (hot,
usually alkaline, washing) and dyeing of wool. The latter pro-
cess has been shown to be associated with increased
respiratory and nasal symptoms of either an irritant or a
specific allergic nature.3 Positive responses to questions
about chills (shivering or feverishness), an attempt to iden-
tify symptoms of humidifier fever, were unduly frequent in
some occupational groups but did not, as expected, show any
relation with exposure to dust.

The functional and prognostic implications of wool dust
related symptoms are not yet known. However, recent studies
undertaken by us suggest that dust related functional impair-
ment does occur, slight but significant reductions of FEV, and
FVC being observed among Asian men and reduced
FEV/FVC ratio among European women. An additional loss

of FEV,; among dyers and scourers (unrelated to dust ex-
posure) is consistent with the observations on respiratory ill-
nesses made by ourselves and others.? Other investigations
currently being pursued suggest that inflammatory and non-
specific immunological responses can be caused in rodent
models by inspirable wool mill dust and we intend to report
on these shortly.

Meanwhile, we can conclude that exposure to wool mill dust
appears 1o be related to symptoms, when exposure is within
“‘nuisance dust’’ limits of 10 mg/m3. At this concentration
the overall estimated risks of symptoms relative to unexposed
workers are: chronic bronchitis, 1.37; wheeze, 1.40;
breathlessness grade 3 or more, 1.48; persistent rhinitis, 1.24;
and persistent conjunctivitis, 1.70. The relative risk of these
symptoms increases rapidly up to 5mg/m? and more slowly
thereafter. The results of these studies and further investiga-
tions into the functional and other characteristics of respiratory
conditions among wool textile workers, should be helpful in
making decisions on an airborne dust standard for the wool
textile industry.
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ALUMINUM INHALATION REDUCES SILICOSIS IN A SHEEP MODEL
R. BEGIN, M.D. ¢ F.Dubois, M.D. * A.Cantin, M.D. * S. Massé, M.D. ¢
A. Dufresne, Ph.D. * G. Perrault, Ph.D. ¢ P. Sébastien, Ph.D.

Université de Sherbrooke, Sherbrooke (QC), Institut de Recherche en Santé et Sécurité au Travail,
Montréal (QC) and Dust Disease Research Unit, McGill University, Montréal {(QC)

INTRODUCTION

Although effective methods of prevention of silicosis have
been known for years and implemented in the workplace
through legislation, the disease remains of public health in-
terest with some 200 new cases per year from an estimated
workforce of 150,000 exposed workers in Canada.$

The recent availability of a soluble and inert compound,
aluminum lactate {Al) has contributed to the renewed interest
of aluminum therapy in silicosis. We have recently
documented that Al suppresses the biological activity of quartz
up to 10 months after exposure with faster clearance of the
Al coated quartz particles.? In this study, we evaluate the ef-
ficacy of soluble Al aerosol inhalation to alter the biological
activity and disease process associated with silica exposure
in the sheep tracheal lobe model.

MATERIALS AND METHODS

Experimental Design

The flock of 40 sheep was randomly divided in 4 groups of
10 sheep, The first group was exposed to 100 ml phosphate
buffered saline (PBS) infusion in the tracheal lobe followed
by monthly inhalation of 10 ml PBS (group PBS-PBS). The
second group was exposed to 100 m1 PBS followed by mon-
thly inhalation of 100 mg Al in 10 ml PBS (group PBS-Al).
The third group was exposed to 100 mg Minusil-5® (Penn-
sylvania Glass Y Sand Co., Pittsburg, PA) in 100 ml PBS
followed by monthly inhalation of 10 ml PBS (groups Si-PBS).
The fourth group was exposed to 100 mg Minusil-5% in 100
ml PBS followed by monthly inhalation of 100 mg Al in 10
ml PBS (group Si-Al).

Minusil-5® particles have been well characterized, 99.9%
of diameter <5 pm and 95% <1 um.

Exposures were carried out via bronchoscopic catheterization
of the tracheal lobe bronchus and slow infusion of the suspen-
sion in the lobe. Inhalations were carried out 24 hr after bron-
choalveolar lavage (BAL) with the animal intubated and
breathing a mist of nebulized 0.01 to 4 u-sized liquid particles
with a Bird Mark 8 pressure ventilator (Bird Corp. Richmond,
Ca) set at a maximal pressure of 25 cm H,O for 20 minutes.
Exhaled gases were vented outside the room. BAL were car-
ried out after wedging the distal tip of the bronchoscope in
the tracheal lobe bronchus by slow infusion of four 50 ml 39°C
aliquots of PBS through a 50-ml syringe attached to the work

channel of the brenchoscope and by gentle aspiration of the
effluent. BAL were performed prior to exposures and at mon-
thly intervals after. Animals were sacrificed and autopsied at
month 6.

Bronchoalveolar Lavage

The BAL cell differential populations were determined on
cytocentrifuge smears stained with Wright-Giemsa. In the
supernatant, albumin, lgG and IgM were determined by the
immunochemical method (Cappel Lab. Inc., Downington,
PA). The activity of lactate dehydrogenase (LDH) was
measured by spectrophometric method. BAL phospholipids
were measured by the technique of Bartlett'? and contribu-
tion of lecithin and phosphatidylglycerel determined on the
basis of their PO4 content.

To assess interstitial lung matrix changes we looked at the
glycoaminoglycan and fibronectin accumulation in BAL fluid.
Oxidant preduction by alveolar macrophages was evaluated
according to methods previously developed.®

Histopathology

The tracheal lobe was identified and 9 samples of the lobe of
each sheep were obtained and each evaluated histologically
for intensity and profusion of lesions to yield our average
pathologic index of disease.

Determination of Quartz Concentration in Lung
Tissue and Lavage

For each sheep in the study, a large fragment of the tracheal
lobe was analyzed for quartz concentration using X-ray
diffractometry.”

RESULTS

Lung Lavage Cellularity

The total and differential cell counts per lavage were similar
in the group PBS-PBS and the group PBS-Al throughout the
study. All silica-exposed sheep demonstrated at month 1 a 3
to 10-fold increase in cellularity which was sustained in the
group Si-PBS but significantly attenuated to control levels in
the group Si-Al (p <0.01). In the Si exposed sheep,
macrophages, lymphocytes and neutrophils were increased
but there was no significant change in the eosinophil counts
which were less than 4% at all times.
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Lung Lavage Biochemistry

Albumin averaged 70 + 8 pg/ml in the group PBS-PBS and
did not vary significantly over time. In the group PBS-Al,
albumin levels were comparable (p >0.05). In the Si-PBS
group, there was a transient increase to 200% control level
at month 1 with gradual return to control levels by month 5.
In the Si-Al group, albumin remained at control level after
Al inhalation. Lactate dehydrogenase levels in the PBS-PBS
group averaged 6 + 1 m! U/ml and did not vary significant-
ly; in the PBS-Al group, levels were comparable (p >0.05).
In the Si-PBS group, there was a significant sustained 6 to
8-fold increase but in the group Si-Al, after initial increase,
the levels of lactate dehydrogenase returned to the PBS-PBS
group levels. Surfactant showed patterns of response similar
to that of lactate dehydrogenase in the 4 groups.

Fibronectin in Macrophage Supernatant

The production of fibronectin by alveolar macrophages in
culture at month 6 was undetectable in groups PBS-PBS, PBS-
Al and Si-Al but significantly increased at 2.1 + 1 ng/10¢
cells per 24 hours in the SI-PBS group (p <0.01).

Oxidant Production and Glutathione

Lung cells of the PBS-PBS group at time ( spontaneously
released low amounts of superoxide (1.77 + 0.55 nmol
cytochrome-C reduced/10¢ cells-hr) and hydrogen peroxide
(0.67 1 0.34 uM/106 celis-hr), and the release of oxidants
did not change during the study period in any of the groups.
Glutathione in the bronchoalveolar lavage fluid of the PBS-
PBS group at time 0 was 0.23 £+ 0.05 M and did not differ
between groups throughout the study period.

Lung Silica Content

The concentration of quartz in the lung parenchyma of the
tracheal lobe of the sheep 6 months after initial exposure was
as follows: in the group PBS-PBS and in the group PBS-Al,
it was undetectable. In the group Si-PBS, it was 2.83 + 0.98
ug/mg and in the group Si-Al it was 1.01 + 0.74 (p <0.05).

Pathological Scores of Disease

The lung morphology of the sheep in the group PBS-PBS and
PBS-Al remained normal. In the group Si-PBS, we found
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early nodular silicotic lesions composed largely of
macrophages and lymphocytes with no evidence of collagen
deposition comparable to those reported earlier,>> with a
pathological score of disease of 2.9 + 1.0. In marked con-
trast, the group Si-Al had milder histological changes and a
significantly lower score of 1.0+ 0.3 (p «<0.05). In the Si-
Al group, there was significant reduction of both the profu-
sion and the severity scores (p «<0.05). Whereas well-defined
silicotic nodules were seen in 8/10 sheep in the Si-PBS group,
they were seen in only 1/10 of Si-Al sheep.

DISCUSSION

This study documents that soluble aluminum iactate aerosol
inhalation does not alter the normal biological processes in
the bronchoalveolar milieu and does not produce significant
pathological lung damage. In this study, we have observed
that Al inhalafion at monthly intervals significantly suppresses
the alveolitis of silcosis, reduces the intensity and profusion
of the disease process, and accelerates the clearance of quartz
particles from the lung tissue.
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PULMONARY TOXICITY OF ILLITE AND KAOLIN DUSTS
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INTRODUCTION

Clay minerals kaolin and illite are present in some mixed dusts
of industrial origin. Kaolin is an industrial mineral with many
applications. It is used as a filler in the paper industry, as a
filler and extending agent in rubber, paints, inks, plastics and
insecticides, in the manufacture of China, refractory bricks,
crucibles, saggars and glass, as a mild abrasive in soaps and
toothpastes and as stiffener of textile. Dust possibly produced
in these industries, but also smoking,2 can be sources of ex-
posure to fine kaolin particles. It is now accepted that the long
term inhalation of high quantities of kaolin dust can lead to
the development of a specific type of pneumoconiosis.!!
From the pathological viewpoint, the fibrosis is mainly
nodular or massive,? with important dust retention. 14

Sources of exposure to illite and possible related-health ef-
fects are much less documented. The interest for illite came
essentially from its presence in coal mine dust.? It has been
suggested that the in-vivo leaching of aluminum from illite
particles could reduce the activity of the accompanying quartz
particles.” To our knowledge, the toxicity of illite particles
has been tested in only few in-vitro or in-vivo
experiments, 1-5-8

We have some evidence that both minerals can exhibit acute
pulmonary toxicity after a single intratracheal injection.? In
a previous experiment, two groups of 50 female Wistar rats
were injected with 50 mg of fine particles of either illite from
Le Puy, or kaolin from Cornwall. Respectively 12% (illite
group) and 45% (kaolin group) of the animals died of
pulmonary cedema in the first week following the injection.

In this context, we found it useful to conduct long-term ex-
periments to comparatively assess the fibrogenicity of illite
and kaolin dust, alone or in combination with quartz.

METHODS

In a first series of experiments, illite (Le Puy), kaolin (Corn-
wall), quartz (Madagascar) and coal (Courriéres low rank)
were tested in the rat exposed by inhalation. Wistar female
rats were exposed for 3 months (5 h/d, 5 d/w) to 300 mg/m?
of respirable dust. Aerosol generators and inhalation facilities
are described in detail elsewhere.®

In a second series, animals received a single intratracheal in-
Jection of either quartz (12.5 mg), quartz + illite (12.5 mg
+ 37.5 mg) and quartz + kaolin (12.5 mg + 37.5 mg). In-
jected particles were prepared by cyclone separation and were
of respirable size.

In both series, the pulmonary response was assessed at month
6, 12, 18 and 24. Animals (10 per subgroup) were killed and
the lungs removed. The weight of fresh lung was recorded for
each animal.

Left lobes were used for histopathological examination. They
were perfused under 25 cm H,O pressuore and fixed in 10%
neutral buffered formalin. Sections stained by hematoxylin
eosine and Picrosirius were examined at three different loca-
tions under crossed polaroid filters. In each group, remain-
ing fragments of lung tissue were pooled, dried and analyzed
for collagen, lipids and dust. Collagen was measured by the
method of Stegeman.!? Coal in the lung was measured
gravimetrically after extraction by the formamide tech-
nique. 13 For quartz and clay, lung dust was extracted by low
temperature ashing, ash suspension, and filtration through a
polycarbonate membrane filter. Quantity of quartz on the
membrane was determined by X-ray diffractometry. Quan-
tity of clay was deduced from aluminum concentration
measured by X-ray fluorescence.

RESULTS

Main results of the inhalation experiments are reported in
Figure 1. Similar conditions of exposure yielded to different
dust retentions in the lung. The highest retention was observed
with coal and the lowest with quartz, clay retention being
situated in between. For clays, there was no evidence of
pulmonary clearance after month 12. At month 6, the mean
weight of fresh lung was 5 times above control value in the
quartz group; it was only slightly elevated in the other groups.
In the following periods, the lung weight increased much more
in the quartz group than in the other groups. A similar pat-
tern was observed with pulmonary collagen.

Main results of the intratracheal injection experiments with
the quartz and quartz/clay mixtures are reported in Figure 2.
At month 6 and 24, respectively 48 % and 37% of the injected
dose was still present in the lungs of animals exposed to quartz
alone. Clay admixture had no clear effect on the clearance of
quartz. It seemed, however, that overall quartz retention was
somewhat higher in the guartz/illite group and somewhat
lower in the quartz/kaolin group. Mean weight of fresh lung
was 4-5 times above control value in the quartz group and in
the quartz/kaolin group. Interestingly enough, the lung weight
was only slightly elevated in the quartz/illite group. In all
groups, the lung weight increased in the period 6-24 months.
Results of collagen measurement clearly discriminated the
three groups. The admixture of illite or kaolin to the injected
quartz, respectively reduced or greatly enhanced the produc-
tion of pulmonary collagen.
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Figure 1. Wistar female rats exposed by inhalation (300 mg/m3, 3 months) to quartz (Q),
kaolin (K), illite (T) and coal (C). Measurement of lung dust, weight of fresh lung
and pulmonary collagen at month 6, 12, 18 and 24.
DISCUSSION injection that clay and coal dust behave differently in the lung.

In our inhalation experiments kaolin and illite exhibited similar
activities. During a two year period they produced very little
collagenous fibrosis. These results agree with previous ex-
perimental observations.® They are also similar to those ob-
tained after inhalation of coal dust by experimental animals.
It should not be concluded however, that kaotin, illite and coal
dust have similar biological activities. First it must be
remembered that results of these experimental tests are poor
predictors of the pneumoconiotic risk in humans. Inhalation
of coal mine dusts for example, can lead to disabling
pneumoconiosis in miners, but these dusts exhibit very
moderate activity in most of experimental tests. Secondly,
there is some evidence from our experiments by intratracheal
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An interesting observation was the pulmonary response to in-
tratracheal injection of quartz/clay mixtures. Combination of
quartz and kaolin gave rise to pronounced colligencus
fibrosis, as already noticed.!? By contrast animals exposed
to quartz/illite produced mixtures of less pulmonary collagen
than animals exposed to the same dose of quartz alone. This
clearly indicates that kaolin and illite behave differently in the
lung. But apparently, this difference in behaviour had no
detectable effect when the two clay minerals were tested in-
dividually. These findings illustrate once more how complex
are the mechanisms of action of inhaled coal mine dust, which
generally contains quartz, kaolin and illite.
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Figure 2. Pulmenary response to quartz/clay mixtures injected intratracheally in Wistar
female rats. Measurement of lung quartz, weight of fresh lung and pulmonary
collagen at month 6, 12, 18 and 24. Three dusts were injected: QQ 12.5 mg of
quartz, QK 12.5 mg of quartz + 37.5 mg of kaolin, QI 12.5 mg of quartz + 37.5

mg of illite.
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INTRODUCTION

Epidemiological and experimental studies have proved that
asbestos induces certain pathological changes in the lung like
fibrosis knows as asbestosis and two forms of malignancies,
i-¢. mesothelioma and bronchogenic carcinoma.0-3 In order
to safeguard the workers from the hazardous effects of these
fibres, scientists all over the world are trying to replace them
with other natural and man-made mineral fibres. Among
them, wollastonite is a promising asbestos substitute under
trial in India. They are acicular or fibrous calcium silicates
(CaSiO3), and have attained additional significance due to
their high thermal resistance properties. The use of
wollastonite in ceramic tiles, etc., has given this mineral con-
siderable attention as a substitute for asbestos fibres.!25 A
few reports are available on their biological effects. Skaug and
Gylseth® have reported, on the basis of hemolytic studies of
two natural and three synthetic calcium silicates, that synthetic
silicates are more toxic than the natral. Bolton et al2 have
reported no major pulmonary damage in rats exposed to three
different varieties of calcium silicate insulation materials.
Moreover, a few cases of lung fibrosis, pleural thickening,
chronic bronchitis and impairment of lung ventilatory capacity
in wollastonite exposed workers have also been reported. 112
However, no report is available on the biological activity of
Indian varieties of wollastonite dusts. Therefore, in the pres-
ent study, three varieties of Indian wollastonite, namely,
kemolit A-60, kemolit-N and kemolit ASB-3 have been
evaluated for their toxicity. Besides cytotoxic studies in vitro
and fibrogenic responses in vivo, the effect of these fibres on
the pulmonary xencbiotic metabolizing enzyme system was
also evaluated, to menitor their influence in the presence of
other carcinogens, if present in the system simultanecusly
either by smoking or from the other environmental sources.
The results obtained from these studies were compared with
chrysotile, the most toxic variety of asbestos and also a car-
cinogenic enhancer in the presence of tobacco smoke.3

MATERIALS AND METHODS

Dust

Wollastonite dust samples, kemolit A-60, kemolit-N and
kemolit ASB-3 were obtained from Mr. Salif Singhal, Direc-
tor, Wolkem Private Ftd. Udaipur (India). Particle size below
30 u were prepared as described by Zaidi.** Chrysotile
UICC standard reference sample particle size <30 u was
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obtained as a gift from Dr. J.B. Leinweber, Johns-Manville,
U.S.A.

Chemicals

Benzo(a)pyrene, 3-hydroxy benzo(a)pyrene, styrene epoxide,
1-chloro, 2,4, -dinitrobenzene and bovine serum albumin were
procured from Sigma Chemical Company, USA.. All the other
chemicals and reagents were either purchased from V.P.
Chest Institute, New Delhi, India or Sisco Research
Laboratory (SRL) Bombay, India, and were of analytical
grade.

Hemolytic Studies

The lysis of 0.2% suspension of human in0.0i1M
Tris-HCI buffer pH 7.35 in 0.15M NaCl caused by 2 mg/ml
each of different dusts was measured at 379C after two hours
exceg;; chrysotile where it was 10 minutes to avoid adsorp-
tion.

Treatment of Animals

Female albino rats from ITRC Colony, weighing 150-180 gm,
were used. The dried dusts and 0.15 M NaCl were separate-
ly autoclaved at 15 lbs pressure for 15 min. The dusts were
separately suspended in Q.15 M NaCl just before inoculation.
The animals were divided into five groups. Intratracheal treat-
ment of animals with dust were done according to the pro-
cedure as described by Zaidi.*3

Each animal of the experimental groups was instilled intra-
tracheally with 5 mg of different dust samples separately,
suspended in 0.5 ml of normal saline. Control groups received
0.5 ml of norma!l saline solution only. The animals were main-
tained on commercial pellet dict, supplicd by Hindustan Lever
Limited, Bombay, India, and tap water ad libinem. The
animals were sacrificed at 90 days after the instillation of
dusts. Lungs were taken out, weighed and a portion was fix-
ed in 10% formal saline for histopathological studies, while
the other pertion was cut into small pieces and dried at 110°C
for chemical estimation. Another set was taken for
microsomal and cytoselic fractionations.

Histopathological Studies

Representative 5 u paraffin sections were cut and stained with
hematoxylin-eosin and VanGieson.



Isolation of Microsomes

The rat lung microsomal fraction was isolated by the modified
procedure of Johannesen et al.?

Enzyme Assays

Benzo(a)pyrene hydroxylase was assayed by the fluorimetric
technique as described by Dehnen et al.® The quantitation of
phenolic metabolite was based on comparison of fluorescence
to a standard solution of 3-hydroxy benzo(a)pyrene,

Epoxide hydratase activity was assayed by the fluorimetric
technique, according to the method of Dansette et al.® by us-
ing styrene epoxide as substrate.

Glutathione-S-transferase activity was determined by the pro-
cedure, described by Habig et al.,'¢ by using 1-chloro-2,
4-dinitrobenzene (CDNB) as substrate.

Chemical Estimation

Microsomal cytochrome P-450 was quantitated from carbon
monoxide plus dithionite reduced difference spectra as
described by Omura and Sato.3! An extinction coefficient of
91,000 cm~'M-! was used for absorbance change between
450 and 490 nm.

Glutathione content was measured in rat lung cytosolic frac-
tion according to the methed of Ellmann.12

Ascorbic acid content was estimated in lung cytosol according
to the procedure of Schaffert and Kingsley.3*

Enzymatic and non-enzymatic lipid peroxidation was deter-
mined by the procedure of Ottolenghi®? as modified by
Hunter et al.!? estimating the malonaldehyde formed with
2-thiobarbituric acid.

Hexosamine and sialic acid were estimated n the fresh tissue
by the methods of Dische and Broenfreund!? and Warren
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respectively. Uronic acid and collagen were estimated by the
method of Dische,? and Stegmann et al.#! respectively in dry
tissue. Phospholipids were extracted from dry tissue in
chloroform: methanol (2:1) and were estimated by their
phosphorous content by the method of Fiske and Subba
Row. 13

Protein content in trichloroacetic acid precipitate was
estimated by the method of Lowry et al.?” by using
crystalline bovine serum albumin as standard.

RESULTS

In vitro Studies

Table I shows that all the wollastonite dust samples induced
hemolysis and the order of hemolysis was 43.4%,41.2% and
35.3% by kemolit A-60, kemolit-N and kemolit ASB-3
respectively. In comparison to chrysotile all the samples were
less hemolytic.

In vivo Studies

Fibrogenic Response. The changes in the chemical composi-
tion and dry weight of the lung by different wollastonite
samples are recorded in Table II. When compared with
chrysotile,” the increase in the collagen content and
phospholipids by kemolit A-60 was significantly very high.
There was no significant increase in the mucopolysaccharides
by these dusts. Kemolit A-60 increased only the content of
sialic acid.

The histopathological studies revealed mild to moderate
amount of fibrosis of the lung alveoli (Figure 1). The animals
exposed to Kemolit A-60 showed peribronchiolar areas of
fibrosis (Figure 2) which was not found with any other dust.
In some cases collection of chronic inflammatory cells and few
abscesses were also seen on scanning the tissue (Figures 3
and 4).

Table 1
Comparative Hemolysis of Chrysotile and Wollastenite Using Rat Erythrocytes

Dust sample

% Hemolysis

Chrysotile
Kemolit A-60
Kemolit - N

Kemolit ASB-3

72.16+3.29
43.37+2.50
41.19+3.03
35.28:1.65

The values represent mean of six separate experiments + S.D.
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Lung Weight

A significant increase in lung weight of all the experimental
animals was observed, kemolit A-60 showed a higher increase
in the lung weight as compared to kemolit-N and kemolit
ASB-3 (Figure 5).

Effects of Different Dusts on Lung Microsoma!l and
Cytosolic Fractions

Figure 6 shows the increase in the cytochrome-P-450 content
by different dusts. Chrysotile showed the maximum increase
followed by kemolit A-60. Activities of benzo(a)pyrene
hydroxylase and epoxide hydratase is recorded in Figure 7 and
8. Among all the dust samples kemolit A-60 induced max-
imum increase but in comparison to chrysotile the increase
was of lower magpitude. The alteraticn in the activity of
glutathione-S-transferase is recorded in Figure 9. Chrysotile

decreased the activity of this enzyme significantly, while
kemolit A-60 decreased the activity 9% which was three times
less than observed by chrysotile. Kemolit-N and kemolit
ASB-3 increased the activity of glutathione-S-transferase.

Effect on Water Soluble Antioxidants

Statistically, chrysotile and kemolit A-60 induced significant
decrease in the content of ascorbic acid as reperted in Figure
10, while glutathione content was significantly decreased only
by chrysotile (Figure 11).

Effect on Microsomal Lipid Peroxidation

Chrysotile and kemolit A-60 induced significant lipid perox-
idation both enzymatically and non-enzymatically, followed
by kemolit-N. There was no change by kemolit ASB-3 (Table
).

Table II
Changes in the Lung Weight and Composition of Control and Wollastonite Treated Rats

Parameters Control

Kemolit A-60

Kemolit N Kemolit ASB-3

Dry Weight
{mg/g fresh
tissue)

20423

Lung protein 100+8.2
(mg/g fresh
weight)
Hexosamine 2.00+0.14
(mg/100 mg
fresh tissue)
Sialic acid 3.34+0.14
(mg/100 mg
fresh tissue)
Uronic acid 23.38+3.98
(mg/g dry
weight)
Collagen 39.36+3.87
(mg/g dry
weight)
Phospholipids 7.96+0.46
(mg/qg dry

weight)

237:+219

105+5.89

2.16:0.054

3.70:0.23

28.10£4.84

61.45+11.87°¢

13.31:0.332

218+19 205+19

103+2.5 101.4+1.9
2.09:0.08 2.04:+0.08
3.47+0.48 3.44:0.56
26.652£3.57 25.96:2.71
48.93+7.32 45.76+5.56

9.31:0.08° 8.57:0.139

The vatues are expressed as mean * S.D. of six animals.

3, <0.001; °p <0.01; Cp <0.02; Yp< 0.05.
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Figure 5. Fresh lung weight of control and dust treated
animals. The values are expressed as mean + SEM
of six animals 3p <0.001; bp «<0.02.

DISCUSSION

In the present study among the three varieties of wollastonite,
kemolit A-60 was found most toxic. The cytotoxic index of
these samples were much less than chrysotile!® using
erythrocytes as in vitro model system?®’ Kemolit A-60 was
found to be the most fibrogenic dust. The fibrogenic pattern
of these dusts tallied with those of Bolton et al.2

It appeared from the results that only kemolit A-60 could in-
fiuence the activity of benzo{a)pyrene hydroxylase and epox-
ide hydratase in the diseased animals where fibrosis had
already developed and collagen content was very high.
However, when compared with chrysotile exposed animals
where fibrosis had just begun and collagen content was lower
than kemolit A-60 exposed animals, the activities of these en-
zymes were much less. Benzo(a) pyrene hydroxylase and
epoxide hydratase play a crucial role in the formation of
ultimate carcinogen derived from polynuclear aromatic
hydrocarbons. 1424 Further activation of these enzymes in-
duced by chrysotile may aggravate the situation in the presence
of other carcinogens, if present in the system. The effect of
these dusts on glutathione-S-transferase activity was very in-
teresting. This enzyme catalysed the conjugation of the
ultimate carcinogens with glutathione in the lungs, which are
eventually eliminated 5 The inhibition of these enzymes and
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treated rats. Results represent mean + SEM of six
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the reduction of glutathione by chrysotile decelerate the above
reaction, hence providing the accumulated metabolites with
the opportunity of interacting with DNA.4? Similar results
were also reported by Brown et al.? On the other hand
kemolit ASB-3 increased the activity of glutathione-S-
transferase significantly which could facilitate the elimination
of reactive metabolites of the PAHs from the system. The
other two dusts, i.e., kemolit A-60 and kemolit-N did not have
any significant effect on the activity of this enzyme. Chrysotile
inhibited the content of water soluble antioxidants, like
glutathione and ascorbic acid significantly. It is important to
note this, since antioxidants are known to inhibit tumors in-
duced by PAHs.236.3940 Among the asbestos substitutes,
kemolit A-60) decreased the content of ascerbic acid only and
had no significant effect on glutathione but when compared
with chrysotile the magnitude of decrease was much iess. The
decrease in ascorbic acid content by kemolit A-60 could be
associated with its high fibrogenic response at this stage.
Ascorbic acid is one of the important components of mam-
malian lungs defense against environmental pollutants.26-28
It is closely associated with environmental stress in man and
animals.4 Therefore, its low level in lungs may hamper the
defence of tissue against environmental pollutants. A higher
rate of enzymatic and nonenzymatic lipid peroxidation was
observed by chrysotile and kemolit A-60 while the induction



of LPO with kemolit-N was of lower magnitude and that with
kemolit ASB-3 was insignificant. It is well documented that
the induction of free radicals may be responsible for the
pathogenicity produced by asbestos, 13:1721.29

From these studies it is evident that in comparison to chrysotile
asbestos, wollastonites were less cytotoxic and did not bring
significant alterations in the drug metabolizing enzyme
system. Concluding this paper we would like to emphasize
that kemolit-N lies at one end of the spectrum being closely
followed by kemolit ASB-3 with kemolit A-60 as the most tox-
ic form of wollastonite.
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Figure 7. Benzo(a)pyrene hydroxylase activity in lung
microsomes, isolated from control and dust treated
rats. The values represent mean + SEM of six
animals 2p <0.001, bp <0.02, °p - N.S.

Table I

Lipid Peroxidation in Control and Dust Treated Animals
Treatments Contro) Chrysotile Kemolit A-60 Kemolit N Kemolit ASB-3
Microsomes  0.28:0.022 0.374:-.018% 0.361:0.024%  0.346+0.032° 0.295+0.038¢
Microsomes 1.28+0.172 2.154+0.16% 2.05410.133 ].73t0.18c 1.55:0.14d
+ NADPH
Micrgsomes  4.68:0.23  7.041:0.52°  6.753:0.45° 5.8540.38°  5.12=0.43¢9
+ Fe

The values are expressed as mean * SEM of six animals.

b d

3 <0.001; Op <0.02; Sp <0.05;

p=-N.S.
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STUDY OF EFFECT OF DIFFERENT KIND OF

SHORT ASBESTOS ON LUNG OF RATS

YANG MEIYU ¢ ZhaoJinduo * KuGuihau ¢ ZhaoXiuging * FuBo * Zhang Jifang
Shenyang Research Institute of Industrial Hygiene and Occupational Disease, Shenyang, P.R. China

Asbestos has many properties which include acid and alkali
resistance, fire resistance, and ability of electric resistance
which make it indispensable in modern industry. It is well
known that inhalation of asbestos dust can lead to pulmonary
fibrosis and carcinoma of the lung or to the development of
diffuse mesothelioma of the pleura and peritoneum. But the
mechanism of asbestos carcinogenesis is not clear. Some
authors believe that asbestos carcinogenesis depends on
chemical action. Other authors think that the physical nature
of asbestos fibre is the main factor. Especially long fibre
asbestos is the main reason for either fibrosis or tumors of
lung. In order to elucidate hazards of short asbestos fibre, an
experiment study of effects of four kinds of short asbestos on
lungs of rats was observed. (Figures 1-4)

MATERIALS AND METHODS

Dust

Chrysotile and crocidolite were obtained from a Shenyang
asbestos processing factory and Qingdao No. 2 asbestos pro-
cessing factory respectively. Tremolite and actinolite were ob-
tained from mining department of a college. These fibres were
prepared by grinding in a ceramic ball mill. The length and
diameter distribution of these fibres were obtained by phase-
contrast microscopy as in Table I. Morphology of fibres was
observed by electron micrograph.

Animals

Wistar rats were used. Weights of rats were 180-220g with
nearly equal number of male and female rats. They were
divided into 5 groups: chrysotile, crocidolite, tremolite, ac-
tinolite and saline control group. There were seventy rats in
each group. All rats were injected intratracheally with 20mg
dusts suspended in 1 m! saline; one month later they were in-
jected repeatly with suspended dust of same dose. Total dose
was 40 mg in each rat. Some rats were killed at the end of 2,
4,6, 12 and 18 months respectively after the initial injection
of dust. The one third rats were allowed to live out their full
lifetime. The living condition of rats was observed. The body
weight of rats was measured every other month. The wet and
dry weight and collagen content of the lungs were determined.
The lungs and hilar nodes were examined. The native death
and the development of pulmonary neoplasms of the one third
rats were observed.,

RESULTS

The body weight of all the animals were increasing with time.
There was no difference significantly among the experimen-
tal and control groups. The dry weights of lungs of rats in all
groups are shown in Figure 5.

The increasing of wet weight and collagen of lungs was similar
to that of dry weight of lungs, during the sixth to twelfth
months after onset of injection dust. There was significant in-
creasing of collagen in the lung. There was significant dif-
ference among experimental and control groups. The increas-
ing of collagen in chrysotile group was the highest among the
experimental groups as in Table II.

PATHOLOGY

Gross

There were a lot of small grey-white or brown-tan spots at the
surface of lungs in every group, after 2-4 months of injection
dust. In the crocidolite group, the spots often were grey-blue
in color. There were obvious spots at the cut surface and slight
pulmonary emphysema after 6-12 months. Lymph nodes in
the experimental groups were larger and harder than those of
control group, especially in the chrysetile group.

Microscopic Appearance

Chrysotile group: after 2-4 months, a lot of macrophages, dust
cell, asbestos fibres and debris were seen in alveoli adjacent
to respiratory bronchioles and there was increasing of reticu-
late fibre, thickness of bronchioles and arteriolas wall (Figures
6, 7). During 6-12 months, there was slight pulmonary em-
physema, a few collagen fibres in the interstice (Figure 8).
At the end of 18 months, these changes were similar to former.
No asbestos bodies were found in the lungs. There were a few
reticular fibres and dust in the lymph nodes (Figure 9).

In the tremolite and actinolite groups, pathologic changes were
nearly the same and both slighter than chrysotile group (Figure
10).

Crocidilite group: Reaction of lung tissue was initially slighter
than other experimental groups. Later there was also reticular
fibres hyperplasia in pulmonary interstice.

At 18th months, the epithelium hyperplasia of bronchioles and
alveolus in some rats was present in the crocidolite and

chrysotile groups (Figure 11).

The incidence of pulmonary malignant tumor: The asbestos
fibres produced pulmonary malignant tumor (the exclusion
of spontaneous lymphoblastoma) in all experimental groups.
No pulmonary malignant tumor happened in the control
group. The first tumor was found in the chrysotile group; rat
died after 15 months of injection dust. Later, two rats with
cancer were found at 22 months after injection dust, two cases
in the crocidolite group and one case in both tremolite and ac-
tinolite group separately, as in Table III and Figures 12, 13.
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Figure 1. Electromicrograph of chrysotile (X 2500). Figure 3. Electromicrograph of tremolite (X 2500).

Figure 2. Electromicrograph of crocidolite (% 2500). Figure 4. Electromicrograph of actinolite (X 2500).
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Table 1
Length and Diameter Distribution of Different Asbestos and SiO»
Asbestos Length of fibre(X) Fibre in diameter (%)
- * Si0x
Fibre <3 -5 -10 -20 >20 <1.2 -1.6 -2.5 -5 >5
Chrysotile 76 15 6 2 i 100 0.31
Crocidoite 88 8 3 1 0 100 4.7
Tremolite a3 6 3 3 0 19 55 20 4 2 0.13
Actinolite 76 14 7 2 1 26 25 11 6 2 0.34
Table I
Result of Collagen Content of Lungs in Every Group
z g 4 12 18
Group No. T¥S.E. No. ¥#* s.BE. No. Xts.E. No. Xis.E. No. ¥ ts.E.
(T P) (T P) (T P) (T F) (T F)
.66 3.74 5 65.40 6.40 4 B81.73 2.20 8 80.10 1.40 7 85.86 5.10
o & (2,49, ¢0.05) (6.59,40.001) (3.08,<0.01)
. e .64 2. 6 55.89 3.37 8 T2.26 6€.29 T T78.05 4.14
Cro 4 35.59 2,70 6 48.64 33 (2. 25.€0.05)
. . <30 6,46 6 69.30 3.93 8 71.20 4.21 8 7T7.23 5.0
Tre 4 49,20 3.88 5 53.3 4 (2093.20.01)
Act 5 40.37 2.03 6 59.78 3.64 5 7T1.M 6.70
e32,$0,0 2.761,(0,05) 5 78.07 10,67 6 7T9.10 5.18
(2.52,¢0.05) ’ (2.396,£0.05)
Table ITI

Pathologic Type and Time of Inducing Tumor

No. of No. of

Group Pulsonary 15 17 19 21 23 25 27 (Months)
Animals Tumors

Chrysotile 38 i sq Fibro Adeno
Crocidolite 39 2 Adeno Fibro

Tremolite 40 H Adeno

Actinolite 35 1 sq

Control 38 0

Sq, Squamous cell carcinoma;
Fibro. Fibrosarcoma;
Adeno, Adenocacinoma:l



Animal Models of Pneumoconiosis V

chr ——-e----
- cro ——-—
e tre —--—
; . act —-—w-—-
: . .. cont
500 : s el N
Dry weight : / “"-.
of lungs : .'/\\\ N
(mg) :/l \\ h"\
‘ N \
A N
49' !:/ \\__, — —— -
et | TN
-~ / — \‘
K . — ~.
e
4 4
2501
2 & 6 8 0 12 16 I3 (months)
Figure 5. Changes of dry weight of lung in rats of every group.
DISCUSSION pulmonary malignant tumors resulted from these changes.

For the different types of asbestos or the same asbestos type
in different area, inhalation or injection asbestos can lead to
various reaction of lung in the animal. 123 In addition inhala-
tion of same asbestos in different kinds of animals produced
also vartous results. All four short asbestos in the experiment
produced increasing of wet and dry weight of lung in rats. A
lot of reticular fibres and a few collagen were found in the
pulmonary interstice. These results correspond to Fu Shao
Chang’s report.*-3-6

Inhalation of injection of asbestes fibres may produce
pulmonary tumors.”-39 Seven rats with Jung tumors in this
experiment, the first lung tumor was found in a rat that had
died at the 15th month after initial injection of chrysotile
fibres. Most tumors were found during 21-25 months. No
cancer happened in the control group. This experiment in-
dicated that short ashestos fibres produced not only pulmonary
fibrosis but also pulmonary cancer. This result corresponds
with Gross’s report. Besides, epithelium hyperplasia of bron-
chioles and alveoli was sometimes present. There changes
were not seen in the control group. It seems possible that

910

Therefore, we hold that the effect of short fibre asbestos must
be considered as recommended hygienic standard.
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Figure 6. Chrysotile: Extensive areas of reticular fibre abut- Figure 8. Chrysotile: Slight centrilobular emphysema and
ting on the terminal bronchioles and involving slight thickening of alveolar wall in different areas
respiratory bronchioles. At the 2 months after in- of the lungs. 6 moenths (G.5. x 78).
jection of dust (H.E. X 78).

Figure 7. Bid (G.S. x 78). Figure 9. Chrysotile lymbh node: Many more reticular
fibres. 18 months (G.S. x 78).
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e: Squamous cell carcinoma. 15 months

(H.E. x 78).

Figure 12. Chry

Figure 10. Tremolite: Extensive reticular fibres in pul-
monary interstice. 12 months. (G.S. X 78).
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Figure 13. Chrysotile: Fibrosarcoma. 22 months (H.E. X

Figure 11. Chrysotile: Epithelium hyperplasia of bron-
chioles. 18 months (H.E. x 120).

912



Animal Models of Pneumoconiosis V

ACUTE TOXICITY OF FLY ASH COLLECTED FROM A MUNICIPAL

INCINERATOR BURNING TRASH

Y. ALARIE » M, Iwasaki ® M. Stock ¢ R.C. Pearson ¢ D.J. Lisk
Graduate School of Public Health, University of Pittsburgh Pittsburgh, PA, and Toxic Chemicals

Laboratory, Comell University, Ithaca, NY, USA

INTRODUCTION

There are about 70 operating municipal refuse incinerators
in the United States and about 250 more are planned. The ash
produced typically contains high concentrations of heavy
metals' and a wide range of toxic organics including
polychlorinated dibenzedioxins and dibenzofurans.?
Therefore, there is a concern about possible health effects of
the ash among those residing downwind from such in-
cinerators as well as on workers within the plants. We have
undertaken some preliminary studies with exposures of guinea
pigs to very high concentrations of fly ash collected from one
municipal refuse incinerator.

Experimental

Twenty kilograms of fly ash was collected from a municipal
incinerator. After drying and mixing the ash was analyzed for
cadmium, lead and zinc by wet ashing with nitric and per-
chloric acids followed by anodic stripping voltametry.? Mer-
cury was determined by flameless atomic absorption
analysis.*

The ash was placed into a Pitt No. 3 aerosol generator’ for
resuspension in air of fine particles which were delivered to
an exposure system for guinea pigs.®7 This system consisted
of a central glass chamber to which four glass chambers were
attached, each holding one guinea pig. Each of these animal
chambers functioned as a flow-through whole body
plethysmograph.® Therefore they permitted indirect
measurement of tidal volume (VT), from the pressure changes
(AP) created by each breath as monitored by a sensitive
pressure transducer attached to each chamber.® Four male
Hartley guinea pigs (300-350g) were obtained from Hazleton
Research Products, Inc. and were exposed to the ash 6
hours/day for 5 consecutive days. The exposure concentra-
tion was 314 mg/m? and the particle size was 3.2 um mass
acrodynamic diameter. Prior to and immediately following
each exposure each animal was challenged with 10% CO- in
20% O, and 70% N3. AP and respiratory frequency (f) were
measured during air breathing and CQ, challenge.®9 Similar
CO; challenges were also conducted on days 6-9, 14, 16, 21,
26-30, 35 and 50 following exposure. Euthanasia was per-
formed on day 50 using pentobarbital. Kidneys, livers and
lungs were removed. Lungs were fixed using intratracheat in-
fusion of 10% buffered formaldehyde held at 25 cm H,O for
two hours prior to continued fixing in the same solution.
Before and after fixation lung weights were taken and lung
volumes were measured by water displacement. Four guinea

pigs were used as controls and treated as the exposed animals
except that no dust was delivered to the exposure system.

RESULTS

Table I lists the heavy metals and carbon content of the ash
and Table II lists the heavy metals found in tissues of guinea
pigs 45 days after termination of exposure. Significant eleva-
tion was found in the lungs of the exposed animals as com-
pared to the controls.

Following the first exposure and during the five exposure days
there was no change from preexposure for VT measured dur-
ing air breathing. However f was lower. During CO;
challenge both VT and f were lower. This effect persisted for
all exposure days. Measurements made after the 5 exposure
days and until sacrifice at day 50 indicated recovery towards
control values. However, there was histopathological findings
in all animals ranging from moderate to severe
poeumoconiosis. This consisted of interstitial macrophage
reaction with a number of dense, black granule-laden
macrophages. Airways were moderately constricted and a
moderate degree of smooth muscle hypertrophy of the airways
and vessels was present. Thickening of alveolar septa by
macrophages and foci of granule-laden macrophages was
observed. There was no increase in lung weights in com-
parison to the controis. Lung volumes after fixation were
reduced by S0% in two animals, probably because of the con-
stricted airways preventing the entry of fixative as in controls.

DISCUSSION

Fly ash from refuse incinerators will vary greatly because of
the nature of the operation. Nevertheless, the results indicate
that a very high concentration was needed to induce an ab-
normal ventilatory response to CO; on an acute basis. The
reduction in VT during CO; was just below 50% of control.
This level of effect can be induced by 13 mg/m3 of cotton
dust,1° 1.5 mg/m? of paraquat,!! or 50 mg/m3 hex-
amethylene diisocyanate trimer.1? Therefore the dust tested
was not very potent in inducing an acute pulmonary effect.
The delayed effects, as indicated from microscopic examina-
tion of the lungs were important and it would therefore be ap-
propriate to investigate such dusts with repeated exposures at
low concentrations to investigate the possible chronic effects.
Airways constriction with smooth muscles hypertrophy sug-
gest the possible development of chronic obstructive lung
disease. This could be followed functionally by flow-volume
measurements which can be made in guinea pigs.?
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Table I

Heavy Metals and Carbon Content of Collected Fly Ash for
Exposure of Guinea Pigs. Concentration Given on the Basis

Table II
Concentrations of Heavy Metals in Tissues of Guinea Pigs Exposed to Refuse
Incinerator Fly Ash. Measurements Made 45 Days After 5 Daily Exposures of 6 Hours
Each at an Exposure Concentration of 314 mg/m3

of Dry Weight.
Item (units)

Cadmium (ppm) 477
Lead (ppm) 2134
Mercury (ppm) 25
Zinc (ppm) 14301
Carbon ( %) 7.34

(Parts per million (dry weight of metal in tissue)

Controls
Cadmium in lung 0.20 + 0
Cadmium in kidney 1.16 + 0
Cadmium in liver 0.41 + 0
Lead in lung 1.25 + 0.22
Lead in kidney 0.40 + 0.06
Lead in liver 0.23 + 0.03
Zinc in lung 68.50 + 7.06
Zinc in kidney 89.45 + 4.18
Zinc in liver 93.63 + 6.12
Mercury in lung 0.16 + 0.04
a
Means + standard error.

914

Exposed

0.32 + 0.03



Asbestos, Pleural Pathology, Lung Fiber Burden I

ASBESTOS RELATED DIFFUSE PLEURAL FIBROSIS
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Diffuse pleural fibrosis (DPF), particularly when severe may
cause reduction in vital capacity and contribute to respiratory
disability.! Recently DPF has been accepted as a conse-
quence of asbestos exposure.?-3 We previously studied 7
cases of asbestos related DPF and reported on the pathological
and mineralogical findings.* In this study we have extended
these observations to 13 cases and also performed
mineralogical analysis on tissues sampled from the central,
subpleural and pleural regions of the lung. The aims of the
study were to investigate the type of occupational exposure,
the total mineral fibre burdens and the type and distribution
of asbestos mineral fibres within the lungs associated with this
form of asbestos related disease.

METHODS

The 13 cases were selected on the basis that there was a history
of asbestos exposure and at autopsy the DPF was bilateral,
covered more than 25% of the lung surface and exceeded 5
mm in thickness at some points. Clinical and occupational
histories were obtained from the hospital notes or Medical
Boarding Centres. At least one of the lungs was inflated and
tissue blocks were taken for histology as follows:

Subpleural region of the apex of upper lobe.
Subpleural region of the apex of lower lobe,
Subpleural region of the base of lower lobe.
Central region of the upper lobe.

Central region of the lower lobe.

Several blocks from areas of pleural fibrosis.

b

The degree of parenchymal fibrosis was graded from O to 4
for each histological slide by an established system and an
average value obtained for each case.®®

For mineralogical examination samples were taken from the
same areas. The mineralogical analysis was performed for the
subpleural region by pooling samples adjacent to blocks 1-3,
for the central region by pooling the samples adjacent to blocks
4 and 5 and the pleura by pooling the saraples adjacent to the
blocks from 6. The samples were divided into two, and one
from each of the areas was dried to a constant weight so that
the wet/dry ratio could be calculated. The remaining portions
were digested in a wet state by 40% potassium hydroxide. For
light microscopy: after centrifugation, the sediment was

examined in a Fuchs Rosenthal chamber by phase contrast and
the number of fibres and bodies counted, from which could
be calculated the number per gramme of dried lung.? At least
100 asbestes forms were counted. For electron micrescopical
examination: following digestion, the final deposits were
ashed at 300C for 4 hours. The suspensions were then passed
through 0.2 pore sized nucleopore filters.

They were then carbon coated and examined by transmission
electron microscopy. The fibres were identified by type and
the number per gramme of dried lung calculated. At least 200
fibres were counted and identified for each sample. Statistical
analysis was performed using the Wilcoxon ranking test for
paired data.

RESULTS

The occupational details for each case are given in Table I.
All were males and the age at death ranged from 47 to 80
years. Duration of exposure to asbestos varied from 1 to 35
years. In all cases macroscopical examination revealed exten-
sive diffuse visceral pleural fibrosis which was at least greater
than 5 mm but which went up to 4 cm in thickness and mim-
icked pleural mesothelioma in some cases. In several cases
there were extensive adhesions between the visceral and
parietal pleura. In some cases recognisable parietal pleural
plaques were also present. Case 10 also showed severe dif-
fuse pericardial fibrosis similar to that of the pleura.
Microscopically the pleura showed mature collagen arranged
in a basket weave pattern. The degree of pulmonary fibrosis
for each case is given in Table I.

Total mineral fibre counts obtained by light and electron
microscopy at the central, subpleural and pleural sites are
given for each subject in Table II. Table ITI shows the mean
total and specific fibre counts for each of the anatomical sites.

The total asbestos fibre count was significantly greater in the
central and subpleural region than in the pleura (p<0.01).
There were no significant differences in the distribution of
chrysotile in the central, subpleural or pleural regions but there
was a statistically significant difference in the distribution of
amosite and crocidolite (p<0.01). The amosite and
crocidolite levels were much lower in the pleura than in the
other regions,
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Table I

Ages, Occupational Historics and Histological Fibrosis Grades
of 13 Cases of DPF with a History of Asbestos Exposure

SUBJECT AGE/YRS OCCUPATIONAL HISTORY GRADE OF PULMONARY
FIBROSIS
1 80 Pipe fitter 25 yrs 2
2 67 Engineer, 2 yrs
cutting asbestos sheets 2/3
3 64 Boiler maker 1/2
4 75 Electrical welder 2
5 71 Carpenter, cutting
roofing sheets 172
6 64 Asbestos sprayer 2/3
7 62 Boiler lagger for 33 years 1
Unloaded asbestos from
8 64 sacks (4 yrs) and production 2
of refractory slab (7 yrs)
9 Mixing and moulding blue
47 asbestos for battery moulds 0/1
for 1 yr
10 69 Marine engine fitter 35 yrs ND
11 54 Gas fitter and plumber 0/1
12 75 Refitting ships 25 yrs 1
13 74 Ship yard joiner 2/3
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DISCUSSION

We consider that the DPF in 11 of these cases is likely to have
been caused by asbestos but in two it is debatable. Subject 13
had been treated for pulmonary tuberculosis nine months prior
to death; the lungs showed quite severe fibrosis and very low
asbestos fibre counts which were well within the range of our
normal controls. Tuberculosis therefore seems the most likely
cause of the pleural fibrosis in this case. Subject 11 had a very
vague history of asbestos exposure and the lung asbestos
counts were well within the normal control levels. The cause
in this case is unknown but unlikely to be due to asbestos.

The light and electron microscopical mineral fibre counts

Asbestos, Pleural Pathology, Lung Fiber Burden II

showed a good correlation with each other but the light
microscopical counts were in general two orders of magnitude
lower than the electron microscopical counts. Although light
visible counts obtained by phase contrast cannot give an ac-
curate value for total lung asbestos burden, they are a useful
indicator of amphibole exposure.?1® Small thin fibres are not
visible by this method. Nevertheless, the method is inexpen-
sive, quick and more widely available than EM analysis and
in this group of cases the LM counts appeared to be a useful
indicator of whether the DPF was likely to have been asbestos
induced.

The total counts were generally raised above normal and in

Table 11

Total Fibre Counts Obtained by LM and EM Analysis in the
Central (C), Subpleural (S), and Pleural (P) Regions of the Lung

LM {X 10%) EM (X 105)
SUBJECT .
c s ! c s P
1 102.8 76.5 5.7 E 10.7 25.5 2.0
1
2 232.7 105.5 26.7 8.4 19.0 9.2
3 79.4 131.0 7.0 18,0 19.1 7.5
4 55.6 88.5 0.65 ND ND ND
5 68.4 66.5 0.83 18.9 12.2 2.2
6 95000. 0 5700.0 306.0 24769.5 32722.3 123.5
7 5330.0 4200.0 0 143.3 124.7 10.1
8 1210.0 1800.0 3.7 162.8 225.0 11.0
9 48.5 100.0 0 15.4 40,6 2.5
10 ND 744.0 11.5 18.6 80.3 17.0
1 12.2 7.7 3.1 21.9 13.1 3.3
12 7000.0 2500.0 0 93.9 164.5 2.1
13 0 25.0 0 26.1 32.4 13.2
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Table OI

Geometric (Arithmetic) Mean Asbestos Fibre Counts by Type in the

Central (C), Subpleural (S) and Pleural (P) Regions of the Lung (10%)

Total
Asbestos fibres Chrysotile Crocidolite Anosite
36.8 (2009.3) 5.24 (9.5) 5.2 (1907.9) 6.6 (182.9)

50.4 (2776.5)

6.7 (16.2)

13.3 (56.3)

5.5 (7.7)

4.9 (2559.0)

0.15 (7.4)

7.4 (160.9)

0.05 (1.1)

the range we have seen with pleural plaques and minimal
asbestosis. However, three subjects had counts which were
well above this range (subjects 6, 7 and 12). Subject 6 had an
extremely high count, which we have usually encountered in
severe asbestosis; he was an asbestos sprayer, an occupation
which may be associated with very high asbestos exposures.

The counts obtained at the various sites within the lung con-
firm the nonuniform distribution of asbestos as shown by
others. !! Chrysotile parenchymal levels were similar to nor-
mal controls except for subject 6. Amphibole parenchymal
levels were raised above normal in all but two (subjects 11
and 13) which we consider unlikely to be caused by asbestos.
The pleura contained relatively little fibre and by far the ma-
jority of this was chrysotile. Sebastien et al'? in a previous
study of asbestos fibres from the lung parenchyma and pleura
of cases suffering from a variety of asbestos related diseases,
found no relationship between parenchymal and pleura con-
centrations and the pleura contained almost exclusively
chrysotile. Although amphibole fibres were found in the
pleura of all but one of our cases, they were extremely sparse
in number.

In conclusion the findings of this snxdy confirm previous
observations that the distribution of fibres within the lung is
not uniform. It also shows that in these cases of DPF the ma-
jority of fibre within the pleura is chrysotile but small numbers
of amphibole fibres are also present. Also the amount of am-
phibole fibres within the pleura is much less than that in the
parenchyma. As in other asbestos related diseases the paren-
chymal levels of amphibole asbestos but not chrysotile appear
raised above controls.
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HYALINE PLEURAL PLAQUES AND ASBESTOS EXPOSURE

C. BIANCHI = A.Brollo ¢ L. Ramani

Laboratory of Pathological Anatomy, Hospital of Monfalcone, Monfalcone, Italy

INTRODUCTION

The importance of hyaline pleural plaques as possible markers
of previous exposure to asbestos and to other mineral fibres,
is now recognized.!2:1.12 In the present study the
characteristics of pleural plaques have been anatyzed in a
series of necropsies, carried out in Monfalcone, Italy. The first
results of this investigation have been the object of previous
papers.7

MATERIALS AND METHODS

The Territory of Monfalcone is a small industrial district, in
northeastern Italy, at the border with Yugoslavia. It covers
an area of 152 square kilometers and has a population of
59,599 (1981 census). The Monfalcone Territory includes
eight towns, the major of which are Monfalcone (30,259 in-
habitants), and Ronchi dei Legionari (10,052 inhabitants).

The Monfalcone shipyard, opened at the beginning of this cen-
tury (1908), is the most important industry in this area. At
present about 3,000 persons are employed in the Monfalcone
shipyard; but the workforce was greater in the past, having
reached nearly 10,000 workers in the late 1930’s.

During the period October 1979-December 1987 a total of
1,620 necropsies were performed at the Monfalcone Hospital.
The necropsies were carried out by three pathologists (Claudio
Bianchi, Lucia Bittesini, and Alessandro Brollo), In all the
cases a careful inspection of the thoracic cavities was per-
formed, in order to detect the presence of hyaline pleural
plaques. In a large majority of the necropsies, the costal and
the diaphragmatic pleuras were detached from the thoracic
cavity, placed on a table, and then examined. All white,
fibrous patches, calcified or not, involving parietal pleura
were defined as pleural plaques. Unilateral and very small pat-
ches were also considered as hyaline plaques. The cases with
pleural plaques were classified in 3 classes: (1) mild, (2)
moderate, and (3) severe, on the basis of the size of plaques.
Small plaques (few centimeters in major diameter) were
classified as mild, while very large unilateral and bilateral
plaques involving the major part of a hemithorax were defin-
ed as severe. The term moderate was applied to the in-
termediate conditions. In expressing the results, a simplified
classification (“*small’’ and “‘large’’) is sometimes adopted,
“‘small’* corresponding to class 1, and **large’” including the
remaining two classes.

In a number of cases the macroscopic features of pleural
plaques were photographically documented. Moreover
samples were generally obtained from the pleura for

histological examination.

In all the cases a sample, measuring about 3x3x2 centimeters,
was taken from the lung base and formalin fixed. The piece
was taken from the right lung, or from the left base when the
right was largely involved by tumor. In 464 cases the sample
was completely digested in a commercial 5% sodium
hypochlorite solution. Asbestos bodies were then isolated and
quantitated according to the method of Smith and Naylor.16
The results were expressed as the number of asbestos bodies
per gram of dried lung tissue.

In 745 cases the patients’ relatives were interviewed to ob-
tain detailed occupational data. Generally the interviews were
carried out at our laboratory by one of us (C.B.). In some cases
the interviewer was another doctor of our staff, and in a few
cases telephone interviews were performed. The questions
concerned the various occupations of the patient, the place and
the time of the activities, and the occupations of his/her
relatives. When sufficient information was not obtained, fur-
ther members of the family were interviewed. In many cases
the ‘“work-book’” {a personal document in which all the oc-
cupations and the names of employers are listed) was
consulted.

The chi-square test was used to compare the prevalence of
pleural plaques among the various groups of patients. The
relation between pleural plaques and asbestos body content
was examined by determination of the Spearman’s correla-
tion coefficient.

RESULTS

The series consisted of 1,040 men and 580 women. Tables
I and IT show the sex and age distribution of pleural plaques.
Between the two sexes there were significant differences in
the prevalences of total plagues (p<0.001), small plagues
(p<0.01), and the large plaques (p<0.001).

In Table III the patients are subdivided according to sex, and
place of residence at death. The men resident in Monfalcone
Territory more frequently showed pleural plaques (p<0.001)
and large plaques (p < 0.01), compared with men resident in
other areas. Among women higher prevalences of total
plaques (p < 0.001) and of small plaques (p <0.01) were ob-
served in Monfalcone Territory residents.

The amounts of lung asbestos bodies showed marked dif-
ferences between the two sexes (Table IV). A good correla-
tion was visible between the amount of asbestos bodies and
extent of pleural plaques (Table V) (r=0.61, p<0.001).
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Table 1
Hyaline Pleural Plaques and Age (Men)

Age No. of Hyaline Pleural Plaques (%)
(years) cases Absent Class 1 Class 2 Class 3
0 - 24 13 100.0 0.0 0.0 0.0
25 - 34 4 75.0 0.0 25.0 0.0
35 - 44 24 29.2 33.3 12.5 25.0
45 - 54 99 34.3 20.2 21.2 24.2
55 - 64 209 31.6 26.8 19.1 22.5
65 - 74 327 27.5 24.8 24.8 22.9
75 - 84 305 26.2 23.3 28.2 22.3
85 -~ 94 59 37.3 22.0 22.0 18.6
Total 1040 30.3 23.9 23.6 22.2

Table I
Hyaline Pleural Plaques and Age (Women)

Age No. of Hyaline Pleural Plaques (%)
(years) cases Absent Class 1 Class 2 Class 3
0 - 24 S 100.0 0.0 0.0 0.0

25 - 34 5 100.0 0.0 0.0 0.0
35 - 44 13 84.6 15.4 0.0 0.0
55 - 64 69 71.0 26.1 1.4 1.4
65 - 74 125 72.8 18.4 7.2 1.6
75 - 84 236 77.1 19.5 3.4 0.0
85 - 94 96 82.3 12.5 5.2 0.0
95 - 99)_7__ 5 100-0 000 0-0 0.0
Total 580 77.2 18.1 5.1 0.5
Table IIT
Hyaline Pleural Plaques and Residence

No. of Hyaline Pleural Plaques (%)

cases Absent Class 1 Class 2 Class 3
MEN
MT Residents 872 25.8 23.6 25.5 25.1
Others 168 53.6 25.6 13.7 7.1
WOMEN
MT Residents 468 73.9 20.5 4.9 0.6
Others 112 91.1 8.0 0.9 0.0

MT = Monfalcone Territory
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Table VI shows the prevalence of pleural plaques in men
classified on the basis of work history data. There were
marked differences from one occupational category to
another, with shipyard workers and clerks being at the two
extremes. The subjects employed in industries {(shipbuilding,
chemical, construction, and various), showed a significantly
higher prevalence of pleural plaques, compared with persons
employed in agriculture (p<0.001), or with persons includ-
ed in the remaining groups (p<0.001).

Among the chemical industry workers there were 18 patients,
who had been employed in the sodium carbonate factory of
Monfalcone; a very high prevaience of pleural plaques was
observed in this subgroup, large plaques having been found
in 14 cases, and small plaques in 3.

Among women a large number of patients had histories of
househeld exposure to asbestos having cleaned the work

Asbestos, Pleural Pathology, Lung Fiber Burden II

clothes of their family members employed in shipbuilding or
in the chemical industry. A double classification of the cases
had therefore been adopted, according to the presence (Table
V) or the absence (Table VIII) of data indicating domestic
exposure. Eight women with incomplete histories have not
been included in the tables. The women exposed to asbestos
at home significantly differed from the others in the prevalence
of pleural plaques (p-<0.001).

In a large majority of the cases the patients with pleural plaques
and with histories of employment in the shipyard or in other
industries, had begun their work before 1950. However, a
small number of subjects, who had their first employment in
the shipyard in the 1970’s, were observed; these workers
showed small plaques and widely variable amounts of lung
asbestos bodies (between 100 and 200,000/g dried lung
tissue).

Table IV
Asbestos Bodies Amounts in 464 Cases

AB * MEN WOMEN

Cases ¥ Cases %
0 -1 6 1.6 4 4.4
1 -2 16 4.3 14 15.6
2 - 3 80 21.4 37 41.1
3 - 4 108 28.9 31 34.4
4 - 5 118 31.6 3 3.3
5 - 86 40 10.7 1 1.1
6 - 7 6 1.6 0 0.0
Total 374 100.0 90 100.0

* Asbestos bodies, Logl0 /g dried tissue

Table V
Hyaline Pleural Plaques and Lung Asbestos Bodies

Hyaline Pleural Plaques (%)

AB * No. of

cases

10
30
117
139
121
41
6

464

60.0
60.0
41.9
28.8

7.4

0.0
16.7

26.5

40.0
26.7
37.6
18.7
11.6

9.8

c.0

21.6

* Asbestos bodies, Logl0 /g dried tissue

0.0
13.3
15.4
25.2
33.1
26.8

0.0

23.3

Absent Class 1 Class 2 Class 3
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Shipbuilding industry
Shipbuilding and others
Chemical industry
Sailors and dock workers
Various industries
Construction industry
Agriculture

Artisans and traders
Clerks

Other

Insufficient data

Total

Shipbuilding industry
Various industries
Housewives

Textile industry
Agriculture

Artisans and traders
Maids

Other

Total

Table VI
Hyaline Pleural Plaques and Occupations (Men)
No. of Hyaline Pleural Plaques (%)
cases Absent Class 1 Class 2 Class 3
141 7.1 22.0 33.3 37.6
217 18.4 18.9 25.8 36.9
26 19.2 23.1 26.9 30.8
19 31.6 42.1 10.5 15.8
46 50.0 21.7 19.6 8.7
33 54.5 27.3 9.1 9.1
26 61.5 30.8 7.7 0.0
24 66.7 25.0 8.3 0.0
12 91.7 0.0 8.3 0.0
11 63.6 27.3 0.0 9.1
4 25.0 25.0 50.0 0.0
559 27 .4 22.0 23.4 27 .2
Table VII ¢
Hyaline Pleural Plaques and Occupations in Women with Histories of
Domestic Asbestos Exposure
No. of Hyaline Pleural Plaques (%)
cases Absent Class 1 Class 2 Class 3
9 22.2 77.8 0.0 0.0
19 26.3 52.6 15.8 5.3
24 33.3 54.2 12.5 0.0
14 50.0 35.7 14.3 0.0
20 55.0 30.0 15.0 0.0
18 61l.1 38.9 0.0 0.0
11 63.6 27.3 9.1 0.0
6 50.0 50.0 0.0 0.0
121 44.6 44.6 9.9 0.8
Table VIII

Hyaline Pleural Plaques and Occupations in Woinen without
History of Domestic Asbestos Exposure

various industries
Clerks

Shipbuilding industry
Textile industry
Maids

Artisans and traders
Housewives
Agriculture

Total

922

No. of
cases

2
6
10
4
5
8
18
4

57

Hyaline Pleural Plaques (%)

Absent Class 1 Class 2 Class 3

50.0 0.0 0.0 50.0
66.7 16.7  16.7 0.0
70.0 30.0 0.0 0.0
75.0 25.0 0.0 0.0
80.0 20.0 0.0 0.0
87.5 12.5 0.0 0.0
94.4 5.6 0.0 0.0
100.0 0.0 0.0 0.0
82.5 14.0 1.8 1.8



DISCUSSION

Data on the prevalence of hyaline pleural plagues, in the
general population or in specific occupational groups, are
available for various regions.12.68.11-13.15 Geveral studies are
based on chest X-ray findings, and others on necropsy
material. Since the sensitivity of X-ray examination in detect-
ed pleural plaques is low, 2 the comparisons between the two
types of investigation are of limited value.

The prevalence we observed in the present series appears to
be very high when compared to those found in other necrop-
sy series.! The residents in the Monfalcone area seem to be
particularly involved.

The marked difference in the prevalence of pleural plagues
between the two sexes is a first indication that «n occupational
source might represent the most important cause of the plaques
in our cases. This idea is strongly corroborated by occupa-
tional histories.

Some researchers!? believe that at retirement probably nearly
all the shipyard workers have pleural plagques. The present
findings confirm such an opinion. In our material over 90%
of the subjects, who had worked only in the shipyard, show-
ed hyaline pleural plaques. Moreover other industries have
been identified as causes of plaques. In particular, working
in a sodium carbonate factory, a plant active in Monfalcone
until 20 years ago, was almost constantly associated with the
presence of plaques,

In clarifying the etiology of pleural plaques in the Monfalcone
series, occupational data as well as the findings concerning
lung asbestos content have to be considered.

A history of employment in the shipyard represents a strong
indication of asbestos exposure so that pleural plaques, we
found in shipyard workers, may be attributed to asbestos. As
far as the majority of the other workplaces appearing in the
occupational histories were concerned, we were able to ascer-
tain that they implied an asbestos exposure. However, the
meaning of some data remains uncertain. For instance pleural
plaques (mostly small) have been observed in some subjects
with histories of employment in agriculture. We could not
ascertain the etiology of the plaques in these cases; an en-
vironmental exposure to asbestos is a possible cause, but in-
completeness of the history data or the role of factors other
than asbestos cannot be excluded.

Information furnished by quantitation of lung asbestos bodies
supports the idea that asbestos is by far the most important
cause of pleural plaques in the present series. In fact a good
correlation was observed between the amount of asbestos
bodies and pleural plaques. Nevertheless in several cases with
histories indicative of important occupational asbestos ex-
posure and with large pleural plaques, low numbers of
asbestos bodies were found. Conversely some heavily exposed
subjects showed large amounts of asbestos bodies, not
associated with the presence of pleural plaques,

The low number of asbestos bodies in exposed subject may
be explained by different factors, such as the clearance of
asbestos fibers, !4 or individua! differences in the production
of asbestos bodies.? Moreover it should be remembered that
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the sensitivity of the Smith-Naylor method, the techniques
used in the present investigation, has recently been ques-
tioned. ' Concerning the absence of pleural plaques in heavi-
ly exposed persons, in our material this situation was usually
associated with the presence of firm, diffuse adhesions be-
tween the visceral and parietal pleura.

CONCLUSIONS

In the Monfalcone area a consistent portion of the male
population has spent some part of their life in the shipyard.
Consequently it is not surprising that a very high prevalence
of hyaline pleural plaques has been observed in this territory.
However, the present investigation furnishes data on the in-
tensity of asbestos exposure in the Monfalcone shipyard.
Moreover other sources of asbestos exposure, before un-
suspected, have been identified and the magnimde of the
phenomenon *‘domestic asbestos exposure’” in this territory
has been defined. In our experience detection of pleural
plaques represents a valid way of monitoring asbestos
exposure.
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MORPHOLOGY, CHARACTER AND FEATURES OF
ANTOPHYLLITE-INDUCED MESOTHELIOMAS

K. KOLEV
Institute of Hygiene and Occupational Health, Medical Academy, Sofia, Bulgaria

ABSTRACT

A histological, cytological, histochemical and electron-microscopic observation was carried out on 109
mesotheliomas, induced by /UICC/, Bulgarian and Soviet amtophyllites. Intraperitoneal and intrapleural method
of application were used. Most characteristic of the antophyllite-induced mesotheliomas is the fact that in 55
to 72% in terms of their infrastructure they conform to the sarcomatous variant. This feature is in complete
contradiction with science in the experimental and human mesotheliomas caused by crocidolite, amosite and
chrysotile, where the prevailing variant is the carcinomatous one—about 60% while the sarcomatous account
for about 10-15%. The prevailing position of the sarcomatous variant in the first case is not influenced by
the kind of antophyllite, the morphology of the dust applied, nor by the way of application.

The author proposes a new histogenetic classification of antophyllite-induced mesotheliomas.

No Paper provided.
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CELL TYPES OF ASBESTOS LUNG CANCER

COLEMAN B. RABIN, M.D. * Irving J. Selikoff, M.D. ¢ Yasunosuke Suzuki, M.D. «
Ruth Lilis, M.D.

Div. of Environmental & Occupational Medicine, Mt. Sinai School of Medicine of the City Universi-
ty of New York, USA

ABSTRACT

We have been following a cohort of asbestos insulation workers from January 1, 1967. By January 1, 1985,
there were 526 lung cancer deaths in which we had opportunity to review initial diagnostic X-rays, histological
material, and clinical findings. We will present the distribution of cell types, including small cell carcinoma,
squamous cell, adenocarcinoma, large cell carcinoma, bronchoalveolar carcinoma, and less common cell types,
in relation to topographical findings and other parameters.

No Paper provided.



Toxicity/Surface Characterization HI

RELEASE OF A “FIBROBLAST PROLIFERATION FACTOR” FROM
HUMAN MACROPHAGES IN VITRO TREATED WITH QUARTZ DUST

DQ 12 OR COAL MINE DUSTS
N.H. SEEMAYER ¢ E. Maly

Medical Institute of Environmental Hygiene at the University Gurlittstr. 53, D-4000 Dusseldorf, F.R.G.

INTRODUCTION

Alveolar macrophages are the primary target for the noxious
effect of quartz—and coal mine dusts in human and animal
lung. Macrophages produce a very large number of more than
50 ““biofactors’” or “‘mediators”* which participate in various
inflammation and immunological regulation processes. 16.26
Heppleston and Styles? reported in 1967 that after incubation
with quartz dust, peritoneal macrophages of the rat produce
a factor which stimulates chicken fibroblasts to collagen syn-
thesis. Afier initially negative reports® Heppleston’s findings
have been confirmed by various investigators using diverse
in vivo and in vitro cell systems. 1-5:11.12.27 Reacently, evidence
is accumulating about the formation of mediators in human
monocyte and macrophage cultures following stimulation with
soluble and particulate agents which stimulate fibroblasts to
cell replication.3-6.7-13.1% Various reports suggest, that human
monocytes and macrophages have the ability to generate
multiple *“fibroblast activating factors,’” depending on culture
conditions, agents used for stimulation, cell type and assay
employed for activity evaluation,36.7-13.1926 A5 an extension
of our report of 1986, this paper presents results on the for-
mation of a ‘‘Fibroblast proliferation factor” in human
menocyte/macrophage cultures following incubation with
quartz dust DQ 12 and ccal mine dusts TF-1 from the Ruhr-
area (FRG).

MATERIALS AND METHODS

Cell Cultures

Isolation of human monocytes from peripheral blood in Ficoll-
Hypaque gradient and cultivation of monocytes 1o maturation
of cells with characteristics of macrophages has already been
described in detail elsewhere.Z The cell line FH-3 (human
embryonal skin fibroblasts) and the cell line (FH-27) (human
embryonal lung fibroblasts) were obtained from Biochrom,
Berlin (FRG). The cell line WI-38 (human embryonal lung
fibroblasts) were purchased from Flow Laboratories,
Meckenheim, FRG and the cell line MRHF (human foreskin
dermal fibroblasts) from Api-BioMerieux Nurtingen, FRG.
The cell lines of human lung and dermal fibroblasts were
cultured in Dulbecco’s modified Minimum essential medium
with 10% foetal calf serum and antibiotics (Pencillin 100
L.U/ml, Streptomycin 100 pg/ml).

Mine Dust and Control Dust
The TF-1 dust, fraction BAT-II from the Ruhr region was
kindly supplied by the Hauptstelle for Staubbekampfung und
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Pneumokonioseverhutung des Steinkohlenbergbauvereins in
Essen. This is a mine dust with a high mineral content of 95
wt % and a quartz content of 10.6 wt %, with a particle size
distribution of 0.5-2.5 um.20

Quartz dust DQ 12 was used as the toxic dust (positive con-
trol). This is Dorentruper crystall quartz flour (grinding no.
12) with a particle size 5 pm.

Preparation of Supematants from Cultures of Human
Monocytes/Macrophages

Dust samples were suspended in Iscove medium or
RPMI-1640 medium without an addition or with 1 % newborn
calf serum. The samples were subjected to ultrasonic treat-
ment (Sonifier B-12 from Branson Sonic Power Company,
USA) in order to achieve a uniform distribution of the par-
ticles and to destroy germs. Suspended dust samples in con-
centrations as described under “*Results’™ were added to
cultures of human monocytes/macrophages. After an incuba-
tion period of 24 hours at 37°C, the culture supernatants were
centrifuged for 15 min at 3,000 rpm and then filtered through
Millipore filters (pore size 0.45 um). The supernatants were
then deep frozen at -20°C until used.

Chemicals and Equipment

Fibroblast growth factor (FGF) was purchased from Sigma,
Munich (FRG) and Boehringer, Mannheim (FRG), Platelet
derived growth factor (PDGF), porcine, Speywood
Laboratories was obtained from Sebak Company, Aidenbach,
FRG. Ultrafree PF Filter Unrits of 10.000 and 30.000 NMWL
and Centrifugal Ultrafree Filter Units of 10.000 and 30.000
NMWL were commercially available from Millipore,
Eschborn, FRG.

Determination of Cell Growth of Human Dermal and
Lung Fibroblasts

Human fibroblast cell lines (FH-3, MRHF, FH-27, WI-38)
were detached with a trypsin-Versene mixture and adjusted
to a cell count of 4-6 x 10* cells/ml in Dulbecco’s MEM
with 1 % foetal calf serum or with 10% serum (2% foetal and
8% newbormn calf serum), correspending to dermal and lung
fibroblasts, respectively. 1 ml of this cell suspension per well
was transferred to a tissue culture plate with 24 wells (Falcon
3047 MultiWell tissue culture plate) or to LAB-Tissue Culture
Chamber (4 chamber, LT-4804). 24 hours later cell cultures
were re-fed with Dulbecco’s MEM with 0.5% foetal calf



serum or with 0.15% bovine serum albumin (Bochringer
Mannheim, FRG) and kept for 2-4 days to obtain ‘quiescent™
cultures. The macrophage supernatants were added in an
amount of 0.2 ml per well or chamber. In each case 4 cultures
were used per measurement point. The protein determination
according to Lowry in the modification of Oyama and
Eagle!® was carried out as already described earlier.2! A pro-
tein calibration curve was plotted with *“pure’” bovine serum
albumin from Serva, Heidelberg (FRG). For morphological
evaluation of cell cultures by light microscopy we used a stan-
dard procedure of fixation and staining with Bouin’s solution
and hematoxylin-eosin or with methanol and Giemsa.

Statistical Analysis

For statistical analysis data were computerized and mean
values and limits of confidence were determined. Futhermore,
Bartlett test for equal variances, one-way analysis of variance
and Student’s t-test were performed.

RESULTS

Human fibroblast cultures, ‘‘quiescent’ or showing only
slight cell replication were used to quantify the **fibroblast
proliferation activity’* of supernatants from treated and un-
treated human macrophage cultures. The results of such an
experimental set-up are shown on Figure 1. Human
macrophages were cultivated for 7 days. Thereafter cells were
treated with quartz dust DQ 12 for 24 hours in Iscove medium
without serum at a concentration of 30 ug/ml per approximate-
ly 1 x 106 cells. Supernatants were collected as outlined in
Materials and Methods. To cell cultures of human dermal
fibroblasts (FH-3) supernatants of untreated and quartz dust
DQ 12 treated macrophages were added. Afier a culture
period of 6-8 days on an average, the protein content of the
cultures was determined by the method of Lowry in the
modification of Oyama and Eagle.!® Column 1 (Figure 1)
shows an untreated FH-3 fibroblast culture. The amount of

£ 1. Cell Comtrol
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Figure 1. Cell growth of human fibroplasts of cell line FH-3
following incubation with the supernatant of an un-
treated (column 2) human macrophage culture and
one incubated with quartz dust DQ 12 {(column
3-6) in various dilutions. Mean values and con-
fidence limits are shown.
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protein in pg/ml is given as a criterion of cell growth. Col-
umn 2 illustrates the cell growth of the fibroblast culture to
which the supernatants of the untreated macrophage culture
had been added. No increase in cell growth is seen in com-
parison with the control. Column 3-6 (Figure 1) represent the
growth of human dermal fibroblast culture FH-3 to which the
supernatant of a macrophage culture treated with 30 ug/ml
DQ 12 had been added in various dilutions. The potent
**proliferation-stimulating activity’” of this supernatant led
nearly to doubling of the protein content of these cultures at
a dilution of 1:5 in the course of 7 days in comparison with
the control {Column 3). But also at higher dilutions of 1:10
up to 1:40 the ‘“proliferation-stimulating activity’’ of this
supernatant can be seen (Column 4-6). ’

The ““proliferation-stimulating activity’” of supernatants of
human macrophages (age 7 days) to which the coal mine dust
TF-1, fraction BAT-II had been added for 24 hours was tested
in further experiments. For this purpose, supernatants of un-
treated human macrophage cultures and of those treated with
coal mine dust TF-1 (30 ug/ml, 24 hours) were added to
human fibroblast cultures (line FH-3) and cultured at 37¢C
for 7 days. The results are shown on Figure 2. Column 1
represents the cell control, column 2 shows the cell growth
of the fibroblasts after addition of the supernatant of untreated
macrophages. Column 3-6 (Figure 2) represent the cell
growth following addition of supernatant of macrophages
treated with coal mine dust TF-1. In comparison with the cell
and macrophage control, there is a significant increase in cell
growth of the haman dermal fibroblasts FH-3 which had been
incubated with the supernatant of macrophages treated with
coal mine dust TF-1. A similar *“proliferation-stimulating ef-
fect”” was observed with human diploid lung fibroblasts WI-38
treated with supernatants from another batch of human
macrophages incubated with coal mine dust TF-1 (30 gg/ml,
24 hours). We made further attempts to characterize the fac-
tor produced by quartz and coal mine dust exposed human
macrophages. We found that the factor is still active after
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Figure 2. Cell growth of human fibroplasts of cell line FH-3
following incubation with the supernatant of an un-
treated (column 2) and one treated with coal mine
dust TF-1, BAT-II (column 3-6) in various dilu-
tions. Mean values and limits of confidence are
presented.
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incubating at 56°C for 60 min. For estimation of the approx-
imate molecular weight of the factor we utilized Ultrafree PF
Filter Units (Millipore} of 10.000 and 30.000 NMWL
(nominal molecular weight limits) and corresponding Cen-
trifugal Ulirafree Filter Units (Millipore) of 10.000 and
30.000 NMWL.. Results based on induced cell multiplication
of non-replicating MRHF and FH-3 fibroblasts and on
stimulation of DNA synthesis of WI-38 cells by the superna-
tant of quartz dust DQ 12 exposed human macrophages larger
and smaller than 10.000 and 30.000 NMWL indicate a
molecular weight of the factor of more than 30 KDa. In fur-
ther experiments we incubated non-replicating WI-38 cells for
various lengths of time (2, 4, 16 and 24 h, 7 days) with super-
natants of quartz dust DQ 12 exposed macrophages. Results
revealed that a continuous presence of the factor is necessary
for cell replication. This assumption is also supported by
measuring the number of DNA synthesizing cells of WI-38
cells exposed for various lengths of time to supernatant. On-
ly continuous presence of the factor led to a high number of
DNA synthesizing cells.'® After removal of the factor the
DNA synthesis ceased very rapidly. To elucidate the nature
of the “*fibroblast proliferation factor’” we performed “‘com-
plementation tests’” according to Stiles et al.?* and Bitterman
et al.? Addition of fibroblast growth factor or of platelet
derived growth factor (PDGF} 1o no replicating WI-38 or
MRHF-cells enhanced the cell growth significantly in
presence of supernatants of quartz dust DQ 12-treated human
macrophages. Similar resnlts were obtained with WI-38 cells
in presence of supernatant of coal mine dust TF-1 treated

human macrophages. Addition of FGF or PDGF led to a

remarkable enhancement of cell multiplication.

DISCUSSION AND CONCLUSION

Results presented demonstrate that human macrophages in
culture obtained by cultivation and differentiation of blood
monocytes, form a soluble factor(s) following incubation with
quartz dust DQ 12 or coal mine dust TF-1. This factor
stimulates “‘quiescent”” or only moderately replicating human
lung and dermal fibroblasts to a considerable cell multiplica-
tion. Therefore, we designated the ““factor’” as **fibrobiast
proliferation factor’* (FPF).

As we earlier reported, 24 the process of fibroblast multi-
plication stimulated by FPF could also be visualized by mor-
phological criteria, such as increased rate of DNA
synthesis!? and of mitosis and by manifestation of high cell
density of cultures.

The “*dual control model of growth regulation’ suggests2’
that growth factors can be classified either as “*‘competence
factors™ or as “‘progression factors.”” While cells require only
transjent exposure to ‘‘competence factors,”” i.e. PDGF,
FGF,““progression factors’’ are required continuously for
DNA synthesis and cell replication. Results suggest a
classification of FPF as a *‘progression factor”” because a con-
tinuous exposure was required for cell multiplication of
fibroblasts and in view of an enhanced growth afier addition
of FGF or PDGF in a serum-free medium *‘complementation
test. 9

Bitterman et al.3 reported that human alveolar macrophages
obtained by lung lavage and incubated in vitro with soluble
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and particulate agents, release an alveolar macrophage derived
growth factor (AMDGF), exhibiting activity as a “‘progres-
sion factor’’ for human lung fibroblasts. The molecular weight
of AMDGF of 18 kDa differs from the MW of FPF,
preliminary estimated as more than 30 kDa. Thermal stabili-
ty of FPF (56°C, 60 min) is resembling stability of an alveolar
macrophage factor from silica instilled rats, isolated by Ben-
son et al.,2 inducing elevated DNA synthesis of rat lung
fibroblasts. Beside FPF in supernatants of quartz DQ 12 or
coal mine dust TF-1 treated human monocytes/macrophages
a ‘‘Granulocyte activating Mediator’” (GRAM) was
detected'!5 causing a long lasting Lucigenin-dependent
chemiluminescence of human granulocytes.

In several studies “‘fibroblast growth factors’® have been
described, which were induced in cultures of human
monocytes and macrophages by various soluble and par-
ticulate agents, i.c. by zymosan, phytohemagglutinine, con-
canavalin A, endotoxin, immune complexes, staphylococci
and quartz dust (Bitterman et al.,3 Dohlman et al.,% Glenn
and Ross,” Leslie et al.,'* Schmidt et al.,!® Seemayer et
al 3.4

The growth stimulation of fibroblasts by activated or damaged

macrophages is of great importance for fibrotic lung processes
especially silicosis and appears to be a generally applicable,
pathobiological principle.*
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USE OF A SENSITIVE ELECTRO-OPTICAL METHOD TO QUANTIFY
SUPEROXIDE PRODUCTION FROM SINGLE PULMONARY ALVEOLAR
MACROPHAGES EXPOSED TO DUSTS IN VITRO OR IN VIVO: SOME
CURRENT EXPERIMENTAL AND MODEL RESULTS

EUGENE V. CILENTO, Ph.D. ¢ K. A. DiGregorio, Ph.D. * R. Clark Lantz, Ph.D.!
Departments of Chemical Engineering and Anatomy, 413 Engineering Sciences, West Virginia

University, Morgantown, WV 26506-6101, USA

ABSTRACT

This laboratory has developed a sensitive electro-optical method to quantify the initial rate (R) and total amount
(MAX) of superoxide (O3 ) produced by single pulmonary alveolar macrophages (PAM). The method uses
a microscope-based TV system to visualize PAM in culture, and to video record the images during the time
the cells produce O . MAX and R are calculated from measurement of temporal changes in optical density
in the images due to precipitated diformazan formed by the reaction of 05, produced by each PAM, with
nitroblue tetrazolium present in the culture medium. To date, values of R and MAX, measured due to adherence
of PAM to the dish, have been compared to values obtained when quartz, coal mine dust (CMD), and kaolin
were added to the medium (én vitro). R and MAX have also been calculated for PAM lavaged from animals
exposed to quartz and CMD in the WVU Inhalation Facility. Presently, experiments are being done using
serum which will permit PAM to be restimulated by different dusts to help establish a dose response relation-
ship and a means to study the role of lung surfactant on modifying the acute toxicity of inhaled dusts. Ultimately,
this methodology should provide useful insight into establishing the role of O in PAM dysfunction due to

inhalation of dusts, and in lung diseases such as pneumoconioses.

INTRODUCTION

PAM are free cells found in the lungs which protect the lungs
by removing foreign debris and bacteria. This is accom-
plished, in part, by the process of phagocytosis, whereby
foreign matter is internalized into vesicles known as primary
phagosomes. Phagocytosis also involves the chemical
breakdown of inhaled dusts and the killing of microbes.
Detoxification is aided by the respiratory burst, which is a
metabolic response of the cell to foreign substances, that
results in the production of highly reactive oxidizing agents
from the partial reduction of extracellular oxygen to superox-
ide (O4) at the surface of the plasma membrane. Superoxide
undergoes either spontaneous or enzyme catalyzed dismuta-
tion reactions to form hydrogen peroxide (Hy0,) and subse-
quently hydroxyl radical (OH®) and singlet oxygen (O,!).
However, while these oxygen metabolites aid in the killing
of microbes they also may destroy endogenous tissue. For ex-
ample, O has been linked to the aging process and to many
diseases including emphysema, diabetes, and cancer.*
Therefore, a better understanding of the production of 05 is
extremely important since an abnormally low production
could result in damage by inhaled dusts and bacteria while an
abnormally high production could result in direct damage to
the lung tissue by the phagocytes.

Inhalation of regpirable sized mineral dusts, such as quartz
(silica), coal mine dusts (CMD), and asbestos, results in
various pulmonary disorders. PAM are thought to play an im-
portant role since evidence suggests that the first step in
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fibrogenesis is an interaction of dust particles with PAM.
Generally, in vivo exposure of animals to mineral dusts results
in increased respiratory burst activity, migratory patterns,
phagocytic behavior, and secretory potential of PAM, and for
this reason these have been implicated to be pivotal events in
the pathogenesis of pulmonary diseases.! In addition to
stimulation of resident PAM, an influx of monocytes into the
lung and/or production of new macrophages generally occurs
in response to fibrogenic dust inhalation. Further, PAM may
attract and stimulate fibroblasts, which normally synthesize
proteins and cellagen during repair of tissue, by secreting
chemoattractants and enzymes. Thus, PAM may be involved
in pulmenary disorders through failure or partial loss of their
defensive capability, or indirectly, through release of other
mediators.

The major objective of this project is to develop a better
understanding for the role O3 production by PAM plays in
the development of pulmonary disease following exposure to
inhaled dusts. Specifically, it is not understood whether cer-
tain dusts (or constituents of dusts), inhaled over a period of
time, can alter the ability of this cell-type to remove foreign
material from the lung. Also, it is not known whether dysfunc-
tion of PAM occurs which may result in an underproduction
or an overproduction of Q7 ; either of which may be harm-
ful to normal lung tissue.

A novel technique has been developed to quantify O pro-
duction by single PAM which has permitted study of the



effects of different dusts, concentrations of dust, and time of
exposure on Oy release by PAM. A multifaceted approach
has been used which encompasses the following: (1) study of
O3 production by single PAM isolated in culture, when con-
tacted directly with different concentrations of dusts suspend-
ed in the medium (in vifro); (2) study of O3 production by
PAM after in vive exposure to dusts in inhalation chambers
for known periods of time; and (3) development of a
mathematical model to describe the kinetics of production by
single cells. These studies ultimately will provide a rapid,
quantitative assay to determine the effect of toxic dusts on O3
production by PAM.

METHODOLOGY

The methodology for measuring O3 production from single
PAM using NBT reduction was developed previously.??
Briefly, 3 ml of NBT solution (37 C) was placed in culture
dishes and then 0.4 ml of a cell suspension (2-5 X 10° PAM)
added. A layer of paraffin cil was placed on top of the aqueous
layer. The dish was placed on a temperature controlled stage
of an inverted microscope and trans-illuminated at 550 nm.
In the presence of a strong reducing agent, such as O5 pro-
duced due to PAM adherence to the cutture dish, soluble NBT
is reduced to a diformazan precipitate which can be measured
spectrophotometrically. PAM were visualized (20x) and im-
ages, containing at least 6 well-separated PAM, were televised
and video recorded for 40 min. Recorded images were played
back through electronic instrumentation which permitted
determination of optical density (OD) changes for individual
cells due to precipitated diformazan. The OD was converted
to the mass of diformazan produced versus time, from which
MAX was determined directly, and then the data fit to a
phenomenclogical equation from which R was calculated.

RESULTS

In Vitro Experiments

The effects of acute in vitro exposure to respirable quartz and
kaolin on O3 production during adherence of PAM to culture
dishes were tested using low (0.025 mg/ml) and high (0.05
mg/ml) dust concentrations. The low dose of quartz decreas-
ed the maximum amount of O produced (MAX) 38% com-
pared to control while the high dose did not. However, the
maximum rate of diformazan production, R, decreased 31%
and 24 % for the low and high dose, respectively. In vitro ex-
posure of PAM to the high dose of sonicated CMD suspen-
sions resulted in increased O5 production. In contrast, kaolin,
a non-fibrogenic dust did not significantly change either MAX
or R. These results suggested that O; production may be a
better indicator of pathogenicity and PAM dysfunction than
cell death, which gives comparable results for quartz and
kaolin. Interestingly, no changes in O3 production were
observed following in vitro exposure of PAM to quartz,
kaolin, or CMD in the presence of a surfactant (tween 80),
suggesting that lung surfactant may alter the acute toxicity of
dusts.

Previously, PAM could not be restimulated afier adherence.
However, it has been recently shown that O production from
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adherent PAM is possible when cells are incubated with
serum.? Serum alone did not stimulate adherent PAM in-
dicating serum is necessary but not sufficient for stimulation.
This finding supports the idea that ir vivo serum may condi-
tion PAM to produce O; .

In Vivo Experiments

The effects of in vive exposure of animals to respirable quartz

(20 mg/m3, 16 hr/d, 5 d/wk of MIN-U-SIL 10, 95% <35

pm) was tested by housing animals (2-4 weeks) in the WVU

inhalation facilities. Control (no quartz) animals also were
kept in identical inhalation chambers for 2-4 weeks. Follow-

ing exposure, animals were removed from the inhalation-
chambers and housed in animal-care facilities for 3, 10, or
31 days post-exposure. This approach permitted analysis of
the effects of length of in vivo exposure and post-exposure time
on PAM analyzed for O3 production. Overall, respirable
quanz increased MAX 36% and R 29% compared to contro}

animals. Importantly, PAM from exposed animals showed an
increased Oz production for up to 10 days after 2-4 weeks
of exposure followed by a return to control levels by 31 days.

Interestingly, the 3 day group suggested that there was activa-

tion and/or recruitment of PAM. Jn vivo exposures performed
using CMD (20 mg/m?3, 16 hr/d, 7 d/wk of Pittsburgh BOM

Dust 2020, 100% 4-6 um) also showed increased production

at 10 days post-exposure, with large amounts of CMD
phagocytosed by 31 days. Similarly, the data showed an ac-

tivation and/or recruitment of PAM.

Theoretical Model Development

A kinetic mode] was developed to describe the production of
O; by single PAM. The kinetic model considered three reac-
tions: (1) the production of extracellular O5 from the reduc-
tion of oxygen by NADPH oxidase using intracellular
NADPH as the substrate, (2) the subsequent dismutation of
O3 to form H,0,, and (3) the reaction of O; and NBT. NBT
specificity of Q5 was analyzed by comparing experimental
results, in the presence and absence of superoxide dismutase
(SOD) which catalyzes the dismutation of O to Hp0,.
Measured PAM heterogeneity (without SOD) was accounted
for in the model by varying the concentration of intracellular
NADPH, its rate of depletion, and the concentration of
NADPH oxidase. Mode! predictions compared well with ex-
perimental results except when SOD was present. Ex-
periments showed only a 50-60% decrease in diformazan pro-
duction using SOD. This discrepancy may be due to diffu-
sional limitations which occur since SOD is & much larger
molecule (34 kD) compared to NBT (818 D). In addition, the
cell surface is both ruffled and negatively charged, which may
introduce steric hindrances and/or electrostatic effects since
SOD is also negatively charged.

CONCLUSIONS

In vitro assays on large numbers of cells in culture using
hemolysis of red blood cells or release of enzymes from PAM
following dust exposure have been used to analyze cytotox-
icity. In such systems, kaolin has been found to have an ac-
tivity comparable to quartz on a mass basis. However, in vivo,
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quartz is highly fibrogenic resulting in silicosis while kaolin
is not. Therefore, the assay results do not correlate with the
in vivo effects of quartz and kaolin. However, in this study,
in vitro exposure to kaolin did not significantly alter O; pro-
duction compared to control PAM. The results obtained cor-
relate more closely with in vivo exposure effects and help sup-
port the usefulness of this quantitative superoxide assay in
evaluating the effects of respirable dusts on PAM. This sug-
gests O production may play an important role in silicosis
and other respiratory diseases. In addition, results from ex-
periments with surfactant support the concept that lung sur-
factant may alter the toxicity of dusts inhaled into the lung.

Interestingly, in vivo exposure to quartz resulted in increased
O production rather than the decrease observed in vitro.
While this difference may be due to a change in cellular func-
tion from the in vivo to the in vitro environment, it is also
possible the in vitro response may be due to an initial (acute)
response produced immediately after contacting the cells with
dusts. In contrast, the in vivo responses may have resulted
from the longer contact time since animals were exposed 24
weeks followed by a 3-31 day post-exposure period before Oy
analysis. Thus, it may be that quartz causes an initial injury
to PAM resulting in decreased O production followed by
recruitient or activation of PAM having increased produc-
tion capabilities. This is supported by the fact that PAM
analyzed 3 days post-exposure exhibited a wider range in Oy
production than the control or 10 and 31 day groups.
Specifically, perhaps two populations of PAM are present:
(1) cells injured by initial or long-term dust contact, resulting
in decreased Oy production release; and (2) recruited or ac-
tivated PAM with an increased 05 production.

In summary, a sensitive, quantitative assay to study individual
PAM function related t0 O, production has been developed
which shows that respirable dusts do affect O release by
PAM. The in vitro results provide a basis for quantifying the
acute effects of dust-cell contact (or constituents of dusts} on
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O3 release by PAM. Importantly, the addition of serum to
the culture medium permits restimulation of the same cell by
different dusts after adherence of the cell to the culture dish.
The in vivo results provide a basis for critically examining the
effects of long-term exposure to airborne dusts on Oy pro-
duction by PAM, and continued refinement of the
methodology will provide a means to assess and improve pre-
sent understanding of the phagocytosis process in health and
disease.

Based on the results and conclusions obtained to date, con-
tinuing work is focused on several specific objectives. Ex-
perimental work is designed to critically examine the effects
of repeated exposure to different dusts (and concentrations)
on the ability of the same cell to produce and release O5 . Con-
comitantly, the ability to maintain animals for long periods
of time in the inhalation chambers will permit evaluation of
the effects of chronic exposure to dusts. This approach has
the potential to provide information not possible using popula-
tion measurements and to critically assess and ultimately lead
to improved clinical therapies for treatment of pulmonary
disorders.
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AN ATTEMPT FOR EVALUATION OF THE ALVEOLAR DUST DEPOSITION
ON THE BASE OF THE PARTICLE SIZE DISTRIBUTIONS OF LUNG DUSTS

STOYNA IVANOVA-DJOUBRILOVA, M.Sc. * Petrana Tcherneva, M.Sc.

Institute of Hygiene and Occupational Hezlth, Sofia, Bulgaria

INTRODUCTION

The experimental and theoretical studies of the way human
lungs behave at different size distributions of the offered dusts
and form the alveolar depot—the major determinant of the
development of lung diseases, did not offer completely de-
fined results. Regardiess of the recent advances in this field,
such as the derived curves of extrathoracic, tracheobronchial
and alveolar deposition of inhaled particles and the lot of
unified parameters, the criteria for respirabie dust sampling
and assessment of dust hazards etc.? many problems did not
find satisfactory answers.

The progress of technics and electronics eliminates the mass
of difficulties in the particle size analysis and in the com-
plicated calculations of the selective deposition of particles in
the respiratory tract.

Presently, the most important problems derive from the im-
possibility to characterize precisely the entire dust inhaled by
workers during their lifetime. The experimental studies in vivo
on humans and animals, on models of the respiratory tract,
as well as mathematical models providing a precise but valid
information for the moment,® are unable to assess yet the
long-term retention of dust in the lungs as a response of the
inhaled particles.

A very specious solution of these problems seems (o be the
study of dusts recovered post mortem from the lung tissue of
dust-exposed workers and to compare them with the airborne
dusts offered to the respiratory tract.Of course, a method of
approach like this also has its disadvantages mainly in the
assessment of the inhaled, resp. airborne dust. But it is possi-
ble after analyzing a significant number of airborne dust
samples, collected in the work environment during a long
peried of time and including all technological processes used
on the areas where employees had worked, to obtain a more
or less rough approximation to reality. So, the respiratory tract
with its special features and intersubject variability depending
on individuals and experimental design, can be considered as
a “*black box*’ with known “‘inlet’* and ‘‘outlet.’’ Many
aunthors have used lung dusts in their investigations and a lot
of them support the reliability of the information received
about the alveolar deposition of airborne particles.25-8

Another important limitation of this experimental design can
be the impossibility for assessment of particle aggregations
and the kinetic behaviour of aggregates. Possible errors can
be eliminated to some extent by analyzing fully dispersed
samples of airborne and lung dusts using the same methed for
particle analysis.2

When the results from different studies of dust deposition in
the respiratory tract are to be compared, it is particularly im-
portant to bear in mind that the main curves used nowadays
as criteria for dust hazard evaluation® are derived with
monodispersed aerosols, while the determination of alveolar
dust deposition with lung dust studies (representing a long-
term retention of dust in lungs) is based on the inhalation of
polydisperse aerosols.

Diu and Yu® proposed a new mathematical model of
polydisperse acrosol deposition in human respiratory tract,
proving more or less considerable differences varying with
the polydispersity. The model needs a validation on ex-
perimental studies. Investigation of lung dusts should be con-
venient for this purpose.

The mass particle size distributions of 47 samples of total air-
borne dust in the work environment of three mines—24 from
a polymetal ore mine (PMM), 18 from copper mine A (CMA)
and 5 from copper mine B (CMB) were determined. Full-shift
sampling was performed at normal passing technological pro-
cesses according to the actual standard in the country.!
Samples were collected in different intervals of time during
10 years.

Fifty-nine dusts, recovered post mortem by the formamid
method of Thomas and Stegemann'? from the lungs of
miners with entire length of service in the same mine, were
analyzed for determination of the particle size distributions.
Forty three of them were from the PMM group, 11—from
CMA and 5—from CMB groups.

The particle size analyses were performed by two methods
based on different principles: centrifugal sedimentation in
Joyce-Loebl disc centrifuge* analyzing particles in class in-
tervals of Stokes diameters 0.01-20 um and automatic count-
ing of particles in liquid media with Coulter Counter (CC) us-
ing tube aperture 50 um, analyzing particles in class intervals
of UDS diameter 0.7-25 pm. Dust samples were suspended
in filtrated 0.1% solution of sodium hexametaphosphate in
distillate water. A lot of the analyses were performed with the
same suspension. The Stokes particle size distributions were
calculated in aerodynamic diameters using the density data for
every dust. Particle size distributions were plotted on log-

probability graph paper.

Mean values of the groups of airborne and lung dusts from
the three mines were calculated, as well as the standard devia-
tions and the confidence limits intervals. The standard devia-
tions of the groups of airborne and lung dust from every mine
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were compared statistically by means of the Fischer criterion.

The alveolar deposition was determined by the method
described by Leiteritz, Einbrodt and Klosterkotter.® The
enrichment of fine sizes of each fraction of the lung dust par-
ticle size distribution was calculated as a ratio of the corre-
sponding airborne dust fraction. This is the so-catled enrich-
ment factor. The relative alveolar deposition of each fraction
is the quotient for the enrichment factors and the maximum
enrichment factor which is taken to be = 1.

RESULTS AND DISCUSSION

Particle Size Distributions of Airborne and Lung
Dusts

It was found that the mean values of the mass median
aerodynamic diameters of the particle size distributions
{MMAD) of the three groups of mine airborne dusts are in
the class intervals 3-5 pm, analyzed by both methods. The
mean geometric standard deviations (og) of the groups were

RELATIVE ALVEOLAR RETENTION
=

varying from 4.4 to 5.3 for Joyce analysis and from 2.2 to
2.3 for Coulter Counter analysis. The airborne dust samples
analyzed with Joyce were reduced to 5 combined samples for
each mine, because the analysis needs about 50 mg of dust.

The mean value of MMAD of the particle size distributions
of lung dusts of the three groups of miners was varying from
1.9 to 2.6 um by both analyses and og—from 3.3 to 3.6 and
from 1.6 to 1.8 by Joyce and CC analyses, respectively.

The maximum frequency percentage of the particle size
distributions, as well as the other data about them are
presented in Table 1.

Relative Alveolar Deposition

It was found that the maximum enrichment factors for the 3
groups of airborne and lung dusts are in the class interval
1.2-2.4um. The mean values for each size range of the
enrichment factor were calculated and a curve of the relative
alveolar deposition was derived (Figure 1). The theoretical

r————r—r—r—r—rr
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Figure 1. Curves of relative regional alveolar retention of airborne dusts from three ore
mines derived on the basis of particle size distribution of lung dusts.

LEGEND

Mean retention curve derived by Joyce analysis

——————— Mecan retention curve derived by CC analysis
_______ Deposition curve of ICRP?
-------------- Predictive deposition curve of Yul?
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Table I

Characteristics of the Mass Particle Size Distributions
of Airborne Dusts and Lung Dusts of Miners from Three Ore
Mines Analyzed with Joyce-Loebl Disc Centrifuge and
Coulter Counter

Para- Ajirborne dusts Lung dusts

meters Joyce Coulter Joyce Coulter

Mean

MMAD, pm 3.30 3,95 2.13 2.49

Confid.

lim. pm 2 3.01 ¥ 2.45 T 1.60 I1.50
0'9 5.30 2.08 3.60 1.66

Confid

Tim. 268 Y o.66 to.26 Y o.41

Anal.No 5 24 43 43

Max.fr.% 32 37 23 53

Int.ﬂpm 1.6-6.5 3.2-6.5 1.6-3.2 1.6-3.2

Mean

MMAD, ym 2.90 3.74 1.86 2.31

Confid. + +

Tim. pn *2.49 % 2.48 :1.70 > 1.08
L] 5.00 2.00 2.35 1.83

Confid, + + +

Ton t ., 66 T 0.71 I1.52 2 0.51

Anal.wo 5 18 11 11

Max.fr % 34 36 42 44

Int;ym 1,6-6.5 3.2-6.5 0.8-3.2 1,6-3.2

Mean

MMAD 3.92 4,82 2.53 2.57

Confid,

lim. pm  * 3,61  3.45 :3.48 I2.34
0"q 4,40 2.10 3.60 1.63

Conf.lim. 2 2,61 I 1.01 t2.57 Y o.66

Anal.No 5 5 5 5

Max.fr.% 36 37 21 50

Int;-ym 1.6-6.5 3.2-6.5 1.6-3.2 1.6-332
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curve of Yu!? and the ICRP curve of Task Group” were also
plotted on Figure 1 for comparison, recalculated in the same
way.

The relative alveolar depositions with the minimum and max-
imum values of airborne and lung dusts of the three mines
were calculated separately. The values’ dispersion is shown
on Figure 1 and the data are presented in Table IT.

DISCUSSION

The data obtained showed some differences in the particle size
distributions of the same dusts, analyzed by both methods. The
MMAD determined by Joyce are finer than those determin-
ed by CC, while for og the contrary was proved. In principle
this was expected because the instrumental limitations of CC
in sizing of fine particles {(smaller than 0.7 qm) as well as Joyce
unreliability in sizing of coarse particles (larger than 15-20
pm) are known. But it is necessary to emphasize the fact for
two reasons; on one hand to demonstrate the considerable in-
fluence on the calculated relative alveolar deposition of the
different particle size distributions used, and, on the other
hand—to draw the attention of specialists on the need of good
knowledge about the limitations of every method or instru-
ment used for particle size analysis, when interpretation of
data has to be performed. Thereby useless contradictions due
to underestimation of the last reason could be avoided.

Another fact of interest is the fine dispersity of azirborne dusts
(mean MMAD vary from 3 to 5.0 um, with real maximal
value of the groups examined—S5.2 pm by CC analysis). In
most of the studies known these values are much higher but
they concern coal mine dusts.25-# Ore mine dusts are ex-
pected to be finer and the authors of this paper have many
studies in this field.4!° They have found a considerable
presence of submicron fraction of mineral origin in ore mine
airborne dusts, as proved with X-ray analysis, !! the same be-
ing evidenced for lung dusts, also.

The determination of the alveolar dust deposition by using
lung dusts and work environment airborne dusts is connected
with some preliminary assumptions: the particle sizes are the
leading factor for the dust deposition in the respiratory tract;
the ““inlet™ and the “‘outlet’” dusts, e.g. the airborne and lung
dusts are representative and reliable; alveolar deposition, the
retention, respectively, of dust is more real when lung dusts
are used because the long-term clearance as a total and the
changes of dust parameters after continued staying in lung are
included.

The data obtained for alveolar deposition (more correctly it
should be called alveolar long-term retention) differ to some
extent from the referred in the main studies performed—
experimental, calculated and predicted. The maxima of the
relative alveolar retentions calculated as mentioned above, are

Table I

Size Range Intervals of the Calculated Maximal Enrichment
Factors with the Mean and Real Values of MMAD and og of
the Particle Size Distributions of Airborme and Lung Dusts
from Three Ore Mines by Joyce and CC Analyses

Mine Yalues of
parameters used

Joyce analysis
size intervals

Calculated maximal enrichment factors

CC analysis
size intervals

PMM Mear 1.6-3.2 gm 1.6-3.2 pm
Min 0.4-0.8 um 0.4-0.8 um
Max 1.6-3.2 um 3.2-6.5 um
CMA Mean 0.8-1.6 um 0.8-1.6 pm
Min 0.1-0.2 um 0.2-0.4 pm
Max 1.6-3.2 pm 0.4-0.8 pm
CMB Mean 0.8-1.6 pum 1.6-3,2 um
Min 0.1-0.2 pm 0.8-1.6 pm
Max 0.8-1.6 um 1.6-3.3 pm
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found to be in the same size range intervals as the maxima of
the particle size distributions of lung dusts or are removed
toward the fine size ranges—Figure 1 and Table II.

These results are in correspondence with the mathematical
model of Diu and Yu.? To airborne dust with og significant-
ly higher than 2 results a different alveolar dust retention in
comparison with the deposition curve of Yu,!3 predicted for
monodispersed aerosols—retention curve calculated with
Joyce data on Figure 1. This curve is quite similar in the size
range interval 0.5-1.6 um to the ICRP curve?® derived from
a lot of different studies. On the contrary, the CC retention
curve does not differ in some of the size range intervals con-
siderably from the curve of Yu. The values of og of airborne
dusts analyzed by CC are about 2, Morrow? affirms that in-
haled dust with og < 2 have similar deposition in respiratory
tract to this of monedispersed aerosols.

CONCLUSIONS

The experimental curve of long-term alveolar retention of in-
haled dust from the working environment derived on the basis
of the particle size distributions of miners’ lung dusts from
three ore mines proved that the real alveolar deposition and
retention is different from the predicted deposition of
monodispersed aerosols.

The study was performed with a comparatively great number
of airborne and lung dust samples and can be regarded as
reliable.

It is obvious that the polydispersity of dust samples has more
considerable influence on the alveolar deposition and reten-
tion than it was estimated till now—a problem disregarded to
some extent in the experimental studies.

Modern technologies and the mechanizing and automation of
working processes lead to increasing of the polydispersity of
airborne dusts and namely of the fine particles share. This fact
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inevitably will lead to some changes in the understandings
about the evolution of the hazard and imposes more attention
to be paid to the problems of particle size analyses and the in-
terpretation data.
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THE BIOLOGICAL EFFECT OF PARTICLE SIZE DISTRIBUTION OF
QUARTZ COMPONENT IN POLYMINERAL DUSTS

M. DOBREVA, Ph.D. = N.Dancheva, Ph.D. * S.Ivanova, Ph.D. * R.Lukanova, Ph.D.

Institute of Hygiene and Occupational Health, Sofia, Bulgaria

Experimental and epidemiological studies have shown that not
in all of the industrial dusts a correlation between the content
of respirable quartz and fibrogenicity existed. !:9.14.21

This means that the mass of respirable quartz, which is the
basis of contemporary norms for quartz containing dusts in
a majority of countries, is not the solely sufficient criterion
for their fibrogenicity. During the Last 10-15 years the efforts
of a number of authors were directed toward the study of the
properties of the surface of quartz dusts and finding quan-
tifiable indicators for their fibrogenic activity. A relationship
was defined between pathogenic activity of quartz dusts and:
concentration of hydroxyle groups, ! activating energy of the
surface, 213 free quartz surface,?-"-8 particles size distribu-
tion. 22 etc, 6.16

Most of the experiments studying the influence of the parti-
cle size of quartz dust have been performed with pure quartz
dusts. Results of experiments with coal quartz containing dust
of different particle size are reported, but they do not present
data on particles size distribution of the quartz content. %15

The results of investigations performed by different authors
are consistent and could be summarized as follows: A max-
imum cytotoxic and fibrogenic effect is manifested by quartz
particles of a size from 2-3 to 0.5-1 um; at larger or smaller
size a decrease in the activity is observed.

Investigations on the size of respirable industrial dusts, as well
as of lung dusts from deceased exposed workers show the
presence in them of minerzl particles of a size within com-
paratively wide range (from more than 10 um to 0.01 pm
diameter).5-10.19

On the other hand, it is well known that the sizes of quartz
particles usually differ more or less from those of the other
components of the mixed dust.

In the literature available to us we did not find research data
on particle size distribution of the quartz component in mixed
dusts. Gade and Luft,* working out a IR-spectrophotometric
method for quantitative determination of quartz in industrial
dusts by use of double absorption peak, found a relationship
between particle size and the ratios of the absorbances at the
double absorptions at 798! and 775! cm to the minimum
absorbance between the two absorbance peaks. However, they
proposed this method with a view at correction of the influence
of the particle size upon the results at quantitative determina-
tion of the quartz. The above relationship was later proved

938

by Dodgson and Whittaker? for pure quartz. At mixed dusts
the absorbance could be influenced also by interfering
minerals, 131" which would require the use of correction
coefficients, making the method complicated and unreliable.

The aim of the present work was to characterize the particle
size distribution of the quartz component of mixed dusts and
to assess its biological role by an analysis of: lung dust from
decreased exposed miners and some respirable industrial
dusts.

MATERIALS AND METHODS

Dusts extracted from the lungs of 26 workers from lead-zinc,
copper and urdnium mines and tunnels were investigated, as
well as samples of respirable dust from the work environment
in lead-zinc mines, dina plant and foundry.

X-ray and morphological findings of silicotic changes of dif-
ferent degrees were proved in almost all of the deceased
miners with exception of 8 of them, whose lungs contained
less than 235 mg quartz.

The lung dust was extracted by formamide digestion after
Thomas and Stegemann. Then they were ashed at 600°C and
the residue subjected to an analysis of its particle size distribu-
tion and mineral composition. For determination of the par-
ticle size distribution of the quartz in the mixed dusts the
following procedure was applied: the dust sample, suspend-
ed in 0.1 % water solution of sodium hexametaphosphate was
fractionated within the range of 8.9-0.24 um stockes
diameters, calculated on the base of the specific weight of the
quartz by sedimentation in a disc centrifuge. The suspensions
of the fractions were run through Sartorius membrane filters
of 0.05 um pores size. After that, the membrane filters with
the fractions were ashed at 600°C, the residues weighed and
the quartz quantity for each fraction determined by IR-
spectroscopy. The absorption peak at £95 c¢m™! was used,
because of its being less particle size dependent in the range
of 9to less than 1 pm. To enhance the peak height the ordinate
expansion of 5 x was used. So a sensibility of 0.03 mg quartz
in the specially prepared pellet was attained. The quartz quan-
tities in it varied from 0.03 to 0.4 mg, the confidence limits
at p = 95% being less than 0.011 mg.

On the basis of the quartz quantities determined in the frac-
tions, the mass particle size distribution of the quartz com-
ponent was plotted on log-probability paper.



RESULTS

The datza of the total lung dust, as well as the parameters of
its particle size distribution and that of the quartz components,
in particular, are shown in Table I.

It may be seen in the Table that the quantity of the extracted
and ashed dust was varying from about 1 to 24 g, in 20 of the
cases being between 1 and 10g. The mass median unit densi-
ty sphere (UDS) diameter of the majority of the dusts analyzed
(17 from 26} is between 3 and 5 um, in 5 of them it is more
than 5 up to a maximum of 6.8 um and in 4—less than 3 gm
with a minimum down to 2.4 um. These data are consistent
with the results obtained by Tcherneva!® in measuring
equivalent volume diameter of lung dusts from deceased
miners of similar exposure by using Coulter-counter.

The quartz percentage of the dusts mentioned in Table I varies
from about 6 to 40% and most frequently between 10 and
30%, its quantity in 22 of the lungs being less than 3 g, in
12—less than 1 g and in 4—between 3 and 5 g.

The mass particle size distribution of the quartz component
plotted on the log-probability paper shows a log normal
distribution. On Figure 1 the quartz component distribution
in three of the dusts examined is illustrated.
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The particle size distribution in 19 of the samples investigated
is characterized by a larger mass median UDS diameter as
compared with that of corresponding total lung dust (See Table
I). In 7 of the samples the mass median UDS diameter of the
quartz component and that of the total dust, respectively, could
be accepted as almost equal, since they differ only by 0.1 to
0.4 pm.

The mass median UDS diameter of the quartz component in
all 26 samples examined was over 3 um; in 10 of the samples
it was between 3 and 5 um and in 16-larger than 5 um.

With very few exceptions, the median geometric standard
deviations of the distribution of the quartz component were
smaller than those of the corresponding total lung dust.
Although that the quartz particles in general are larger than
those of the other mineral components in the dust and are
characterized with a more limited polydispersity, significant
quantities of quartz particles with a UDS under 1 ym were
found. The mass of the submicron fraction was varying from
3.2 10 15% from the whole mass of the quartz. In 16 of the
samples it was between 5 and 10%; in six—more than 10%
and oaly in 4 it was less than 5% . These data are evidencing
significant individual differences in the particle size distribu-
tion of quartz component in lung dusts.

Table 1
Characteristics of Lung Dusts and Their Quartz Component

Case No Whole extracted lung dust Quartz component
Mass MY Mass median dg Quartz Mass,mg Mass median &g  Submicron
upsS diameter content upsS diameter fraction
um 4 A %

43 i632 5.5 5.9 1.2 118 10.5 3.8 3.2
74 1148 3.6 3.4 12.3 141 4.8 3.0 7.2
75 1635 4.4 4.8 5.7 92 4.8 3.0 7.2
76 355 3.7 3.9 14.5 51 5.8 3. 5.7
17 14897 3.6 3.8 13.% 20141 4.8 3.0 7.2
107 24024 3.6 3.8 17.8 4276 3.2 3.2 15.0
109 2950 2.6 5.6 17.8 525 3.3 3.5 16.0
110 8165 5.5 4.7 29.9 2441 7.0 4.7 10.0
1m 8450 2.8 4.1 28.1 2374 4.0 3.5 13.0
112 2294 3.9 4,6 16,0 367 5.6 ‘3.5 B.0
113 4482 4.4 4.8 35.8 1605 ‘5.3 3.3 8.0
114 5782 4.2 3.9 27.6 1596 7.4 3.7 6.4
115 5796 3.6 4.3 43.8 2539 7.5 3.3 4.5
17 1222 3.6 4.3 17.4 213 7.5 3.0 4.0
119 17882 3.9 4,2 28,0 5007 3.5 3,2 13.0
120 15029 1.6 4.3 27.5 4133 5.2 3.3 6.0
125 1083 5.2 6,3 13,2 143 5.5 3.4 8.0
126 1396 8.1 6.8 16.8 235 8.2 3.9 6.0
129 1240 3.7 5.3 13.6 169 6.0 3.5 7.5
140 11470 2.4 3.8 26.5 3040 4.0 3.1 10.5
141 7209 4.7 5.9 15.3 1107 4.6 3.3 9.0
142 3522 4.2 7.8 17.4 613 5.5 3.4 8.0
143 7068 3.4 4.6 21.9 1548 5.2 3.3 7.5
144 2062 6.8 6.0 13.3 27% 9.0 3.8 4.6
147 8626 4.1 4.4 25,9 2232 5.% 3.4 8.0
148 7736 2.9 4.8 30,7 23175 3.7 13.0 13.5
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Research data for respirable industrial dusts are shown in
Table II. In these samples significant differences were not ob-
tained between the mass median UDS diameters of the whole
dust and of the quartz component. Comparatively near were
proved to be the values for these parameters measured for the
three sorts of dust (between 5,3 and 6.8 um), in spite of the
differences in their composition. The percentage of quartz par-
ticles with UDS diameter less than 1 gm was between 6.8 and
13%.

For assessment of the influence of the particle size of the
quartz component on fibrogenicity of mixed dusts, their
characteristic data and resulting fibrosis changes in the lung
tissue were processed by the program product *‘Statgraf.”’
The following dust parameters were included in the analysis:
total quantity of the extracted dust, its residence time in the
lungs, % of the free crystalline silica content, total free
crystalline silica content and quantity of the fraction with sizes
between 3 and 0.5 um. Slightly higher correlation
coefficient—0.84, was obtained for the quartz fraction within
3—0.5 um, as compared with 0.83 for the total quartz

quantity.
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DISCUSSION

The results obtained illustrate the possibility of determining
the particle size of quartz component in mixed dusts as a help
for the better characterization of both lung and industrial or
experimental dusts.

Evidently, this method has the all well-know shortcomings,
related with the procedure of lung tissue digestion and dust
extraction, ashing at 600°C and preparing liquid suspension
for centrifuging etc. In spite of these limitations, we are of
the opinion that this method could be a help in elucidating the
relationship between the properties of quartz-containing dusts
and their pathogenicity.

In our attempt to assess the biological significance of this
parameter on the basis of the 26 lung dusts investigated we
did not obtain a significant increase of the coefficient of cor-
relation. This fact is perhaps due to the high coefficient of
multiple correlation for a comparatively small number of sub-
jects on the background of the number of the variables in-
vestigated. The studies continue with a larger group of lung
dust cases.

Table II
Characteristics of Respirable Industrial Dusts and Their Quartz Component

Sort of Parameters of particle size distribution

dust Silica
content Respirable dust Respirable quartz
% UDS mass me-  dg. UDS mass me- &g. sub-
dian diameter dian diameter micron
fraction
um um

Ore mine 9.6 5.9 4.5 6.0 3.3 6.8

Dinas 65.4 5.3 4.1 5.5 3.7 9.0

Foundry 5.3 6.2 12.4 6.6 5.4 13.0
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INTRODUCTION

Silicosis is the chronic fibrosing disease of the lungs caused
by the inhalation of crystalline silica. However, inhalation of
crystalline silica, may induce three distinctly different disease
patterns; i.e., chronic silicosis, accelerated silicosis, and acute
silicosis. These three disease patterns differ in their pathologic
characteristics, clinical symptoms, onset of disease, and mor-
tality. Many studies in the past have focused on the elucida-
tion of mechanisms involved in the development of chronic
silicosis. We recently reported that freshly fractured silica has
surface properties that could make it more reactive with lung
tissue than aged silica, and that this unique reactivity of freshly
fractured silica may be involved in the pathogenesis of acute
silicosis (Dalal et al., 1986; Vallyathan et al., 1988; Shi et
al., 1988). Because freshly fractured silica could contain some
moieties in an ‘‘excited state,’” due to the breakage of silicon-
oxygen bonds, we postulated that the de-excitation of these
moieties could produce light which could be monitored by a
luminescence measurement technique. In addition, if this “‘ex-
cited state’” of silica could trigger a greater biclogic response
by phagocytic cells, this activation could be monitored by a
chemiluminescence technique in the presence of appropriate
enhancers.

This investigation describes for the first time the use of
luminescence in the study of freshly fractured silica and its
properties. Enhanced biclogic reactivity of the freshly frac-
tured silica with alveolar macrophages was monitored by the
chemiluminescence technique.

MATERIALS AND METHODS

Native silica was obtained from the dust bank of the Generic
Respirable Dust Technology Center, Pennsylvania State
University, State College, PA, and ground for 30 min in an
agate ball mill. It was then sieved through a 20 micron mesh
filter and used within 10 min as fresh silica or stored in glass
bottles for aging. X-ray energy spectrometry and X-ray
powder diffraction studies on representative samples were
made to confirm the mineralogic purity. All the silica samples
were found to be 99% pure with minimal detectable con-
tamination by metal ions.

Luminescence of freshly ground silica was measured from 5 g
samples in plastic scintillation vials using a Packard Liquid
Scintillation Counter operated in the out-of-coincidence mode.,
After grinding, the samples were stored in dark for 10 min,

and luminescence was monitored over a period of several
hours and days. The effect of aqueous solutions on the genera-
tion of luminescence was studied in HEPES-buffered medium
(145 mM NaCl, 5 mM KCl, and 10 mM HEPES, pH 7.4).
Freshly ground silica (5 g) was added to 5 ml of HEPES-
buffered medium, the vials stored in dark for 10 min, and
samples counted at various time intervals. The effect of
scavengers on luminescence was investigated by the addition
of 5 g freshly ground silica to HEPES-buffered medium con-
taining 125 pug/ml superoxide dismutase (SOD), 125 pg/ml
catalase, or 100 mM 35,5-dimethyl-1-pyrroline-1-oxide
(DMPO).

Bioclogic reactivity of freshly ground silica was monitored as
lucigenin-enhanced chemiluminescence at 37°C using a Ber-
thold Luminometer, Model 9500. Alveolar macrophages were
obtained by the broncho-pulmonary lavage of Sprague-
Dawley male rats with calcium and magnesium-free Hank’s
balanced salt solution. Repetitive lavages were pooled (total
volume of 80 ml) and was sedimented by centrifugation at
500 g for 5 min. Celis were washed and resuspended in
HEPES-buffered medium containing 1 mM calcium and 5
mM glucose. With the aid of trypan-blue and hemocytometry,
cell viability and counts were determined miscroscopically.
Results of these studies indicate that approximately 90% of
the lavaged cells were viable alveolar macrophages. Samples
of alveolar macrophages (1 X 10¢) were then incubated with
20 ug/ml silica in 0.5 ml HEPES-buffered medium at 37°C.
The buffer contained 2.5 x 10-% M lucigenin as an enhancer
of chemiluminescence. Silica-induced reactivity of alveolar
macrophages was then monitored over time for 40 min.

RESULTS

Figure 1 shows the results of luminescence studies on freshly
ground silica in comparison with that of aged dust. Aged dust,
on the other hand, showed a steady minimal baseline intensi-
ty of light emission, most likely due to *‘fluorescence.”’ This
intensity of light emission was greater when samples were not
dark equilibrated for 10 min. Therefore, we consider that, this
basal emission to be due to fluorescence excited by the am-
bient light. The data clearly indicate that freshly ground silica
emitted substantially more light than aged silica. The inten-
sity of this light emission declined with time after grinding
and exhibited half-life of approximately 40 min.

In order to find whether contact with a biologic medium would
quench the luminescence instantanecusly, luminescence
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measurements were made on freshly ground silica dispersed
in HEPES-buffered medium. It is evident from the data
presented in Figure 2 that fresh silica suspended in the biologic
medium emits substantial light suggesting that the reactive sur-
face sites on freshly ground silica are not immediately
quenched after contact with biologic media.

Effect of free radical scavengers on the light emission inten-
sity is presented in Figure 3. It is seen that luminescence of
freshly ground silica was inhibited by approximately 71 % with
SOD, while catalase and DMPO inhibited the light emission
by 88% and 97%, respectively.

Figure 4 shows the effect of freshly ground silica on alveolar
macrophages stimulation and resulting release of reactive
species of oxygen, monitored as chemiluminescence in the
presence of an enhancer, lucigenin. Alveolar macrophages in-
cubated with freshly ground silica (20 pg/ml) generated
chemiluminescence which peaked approximately 8 min after
exposure to silica. This silica-induced activation of alveolar
macrophages was substantially greater with freshly ground
silica as compared to silica aged for 24 and 48 hours (Figure
4).

DISCUSSION

Data from the present study indicate that freshly fractured
silica emits light which can be monitored by luminometry or
a liquid scintillation technique. These studies also indicate that
the luminescence generated by silica is not quenched instant-
ly in biologic medium but can be inhibited to a substantial
degree by SOD, catalase, and DMPQO. These results suggest
that excited surface sites result from the cleavage of silica and
that these surface sites can react with aqueous media to form
reactive oxygen species as a source of emission of light
detected by the luminescence technique. We have previous-
ly shown that silicon-oxygen radicals and possibly O, radicals
are formed during grinding of silica (Dalal et al., 1986; Shi
et al., 1988). We have also shown that these radicals undergo
a time dependent decay in ambient air (Dalal et al., 1986; Shi
et al_, 1988), We tentatively assign the light emission from
the freshly fractured silica to the de-excitation of these radicals
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and/or the silicon-oxygen radicals.

Qur studies also indicate a correlation between light emission
by freshly fractured silica and potential for biologic reactivi-
ty. The increased activation of alveolar macrophages induced
by freshly ground silica as monitored by chemiluminescence
indicates excessive secretion of reactive oxygen species dur-
ing phagocytosis. We have shown previously that generation
of reactive species of oxygen on silica during grinding can
cause the generation of OH radicals. The presence of these
increased cytotoxicity reactive species has been related to lipid
peroxidation (Vallyathan et al., 1988). Results of the present
study support our hypothesis that the reactive species
associated with fresh silica together with those generated by
alveolar macrophages in response to fresh silica may induce
an oxidant stress and overwhelm the protective anti-oxidant
systems of lung in occupational exposures, such as sand-
blasting, tunnelling, drilling, or silica flour mills where freshly
fractured silica dust is generated. We, therefore, conclude
from these studies that oxidant stress may play a role in the
etiology of acute silicosis.
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Figure 3. Effect of SOD, catalase, and DMPO on luminescence by freshly ground silica.
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THE INJURIOUS EFFECT OF QUARTZ ON CELL MEMBRANES AND THE
PREVENTIVE EFFECT OF ALUMINIUM CITRATE AGAINST QUARTZ
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*Dept. of Occupational Health, School of Public Health
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ABSTRACT

The injurious effect of quartz on the membranes of macrophages as well as erythrocytes and the anti-injurious
effect of aluminium citrate (Al citrate) were examined. The comparative study with titanium dioxide was car-
ried out simutaneousty. The results from the present study show that quartz can cause the increases of fluidity
and permeability of macrophage membranes and reduce membrane-bound water of erythrocytes, resulting
in the membrane dehydration. Furthermore, quartz can change electrophoretic behavour of macrophages by
increasing the negative charge density and electrokinetic potential on these cells surface. The effect of titanium
dioxide on cell membranes however is very different from quartz in intensity and kinetics, and is not affected
by Al citrate. The relationship between these effects was discussed and a possible mechanism was proposed
for the interaction of quartz with membrane lipids resulting in membrane damage.

The preventive effect of Al citrate against membrane damage by quartz was also demonstrated. In general,
the addition of Al citrate can recover all alternaticns caused by quartz, so that the stability and order structure
of cell membranes were maintained. A hypothesis about the action of Al citrate on the surface of quartz par-

ticles to exert its anti-injurious effect was postulated in this paper.

INTRODUCTION

It is generally accepted that the cytotoxic effect of quartz on
alveolar macrophages is a key step in the pathogenesis of
silicosis. ! The cytotoxic mechanism postulated by Allison
depends on mainly the release of hydrolytic enzymes from
lysosomes afier the phagocytosis of quartz by macrophages
followed by cell damage.? However, a question that remains
unanswered is whether the toxic particles directly damage the
plasmic membranes of macrophages. It is well known that the
contact of quartz with the cell membranes is the first event
during the process of phagocytosis, no matter how the par-
ticles are uptaken into the interior of these cells. For this
reason, it is desirable to elucidate the molecular interactions
between quartz and cell membranes from the viewpoint of
membrane toxicology.

The therapeutic effects of Al citrate on the experimental
animal and patients with silicosis have been demonstrated in
our previous experimental studies and clinical observations.
It was also found that Al citrate is able to prevent effectively
macrophages from the cytotoxicity of quartz instead of the in-
hibition of fibrosis. 4 It is, therefore, necessary to clarify its
pharmacology with the goal being to provide the experimen-
tal and theoretical evidence for screening the preventive
measurments and therapeutic drugs for silicosis.

On the other hand, titanium dioxide, a less toxic and usually
classified as ‘“inert dust,’’” was also studied in this work for
comparsion.

MATERIALS AND METHODS

Macrophages were harvested from lung of guinea pig through
lavage. The erythrocyte membranes of rabbit were prepared
as described elsewhere.®

Quartz (99% pure) was supplied by Hygiene Institute of
Chinese Prophylatic Medical Center. Particles diameter is less
than 5 um, among which 89.3% is less than 2 ym. Titanium
dioxide with the same purity and size was selected as a con-
trol. Al citrate with Al of 9.26% was supplied by Phar-
maceutical Factory of Beijing Medical University.
Fluorescence probe, 1,6-diphenyl-1,3,5-hextriene (DPH) was
purchased from Sigma. Adenosine 5 “triphosphate disodium
salt (ATP) was produced by Shanghai Biochemical Institute
of Academia Sinica.

Fluorescence polarization was determined by spec-
trophotofluometer Model MPF-4. Potassium (K +) content
of cells was detected by Fire Atomic Absorption Spec-
trophotometer Model Y-3.? Na*-K+-ATPase activity was
determined using the method described by Pan H.Z.1°
Viscosity of medium and surface charge of cells were
measured by viscosimeter Model E and Cell Electrophoresis
Autotimer Model $X-2, respectively.!! Membrane-bound
water was determined employing the method of sorption
isotherms and Nicolet Fourier Transform Infrared Spec-
trometer Model SDX.&12

There were on the average five samples in each group. Data
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were presented as mean + standard error and significance was
estimated by analysis of variance. Pairing data about fluidity
and permeability were treated by linear correlation and
regression.

RESULTS

Cell Membrane Lipid Fluidity

‘We began with the examination of membrane fluidity of mac-
rophages by measuring fluorescence polarization P and micro-
viscosity of membrane-bound DPH. As shown in Figure 2,
P values of quartz I and II groups dropped down continuous-
ly with the cultural titne, resulting in more fluid membranes.
It is important that the effect of quartz on membrane fluidity
is not only time-dependent, but also dose-dependent (Figure
1). However, the change of membrane fluidity by titanium
dioxide is much lower than that of quartz group and tends to
be recovered rapidly (Figure 1).

Compared with quartz control, fluidity was decreased (e.g.
P value raised) when quartz plus Al citrate was added into the
cells simutaneously, although Al citrate did not affect mem-
brane fluidity alone. Similarly, the effect of Al citrate against

quartz is dose-dependent (Figure 1).

Permeability of Cell Membrane to K+

Table I presents the differences between the groups treated
by several ways in membrane fluidity and permeability to K*.
It is interesting that the increased pemeability of macrophage
membranes to X+, that is, K* content of the cells was
reduced, by quartz was accompanied with increasing mem-
brane fluidity. Statistic analysis indicates the effects of quartz
on both these properties of macrophage membranes exhibit
very siginificant correlation (for instance, using  and K+ as
X and Y, respectively, r=0.917, P< 0.001,
Y =9.059X-0.011) (Figure 3).

Like that on fluidity, Al citrate did not influence permeability
of macrophage membranes to K* by itself, but it prevented
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Figure 1. Dose-effect relationships of the effect of Si0O; on
fluorescence polarization (P) of macrophage
membrane-bound DPH and lipid viscosity () and
the antagonistic effect of Al citrate against §i0;.
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acting efficiently against the effect of quartz, except that
macrophages were pretreated with Al citrate (Table I).

It is seen from Table I that membrane permeability of titanium
dioxide group was lowered only slightly and it seems that no
exact relationship exists between the changes of fluidity and
permeability. Another important difference from quartz is that
the effects of titanium dioxide are unable to be affected by Al
citrate.
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Figure 2. Kinetic curve of DPH fluorescence polarization
labelled in macrophage membrane

SiO,I: the simultaneous addition of DPH and
510, to cell medium

SiOpII: the addition of SiQ; to cell medium
followed by the addition of DPH

The dose of 8i0; or TiO; was 1 mg; the dose of
Al citrate was 0.5 mg Al
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Figure 3. Scatter diagram of membrane lipid viscosity with

K* concentration of macrophages administrated
with §i0.




It may be involved in K+ permeability, however, no change
in the activity of Na+-K*-ATPase could be found after the
treatment of three cell preparations with quartz (Table II), in-
dicating that the increased permeability is related closely to
the change in lipid fluidity.

Membrane-bound Water

Membrane hydration of quartz group at the defferent ralative
humidities (RH), particularly at higher RH, was reduced
markedly from sorption isotherms curve (Figure 4) and data
listed in Table ITL. In IR spectra, VOH shifts largely to lower
frequency (Figure 5) and the results represented in Figures
5 and 6 are identical, for instance, at 76 % RH, the hydration
and VOH peak position in both of control and quartz groups
are 18.8% and 3535 cm~!, and 10.1% and 3447 cm!,
respectively. It is clear that the dehydration of cell membranes
was caused by quartz and has a significant does effect rela-
tionship (Table IV).

Whereas membrane hydration in either quartz plus Al citrate
group or the pretreated quartz group with Al citrate is higher
than quartz control (Table III) and their VOH peak position
shifts towards the higher frequency (Figures 5, 6). The effect
of Al citrate against quartz exists also a dose-effect relation-
ship (Table IV). Membrane-bound water under the treatment
by the different ways is presented in Figure 7. The similar
results are found from two quartz groups pretreated with Al
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citrate and AlCl3. However, the effect of titanium dioxide on Figure 4. m‘;&m Lm 3;?; it:;:):;;g l;io;go::ell mem-
membrane-bound water is not only lower than quartz, but also 7 )
was not recovered by the pretreatment of Al citrate (Figure 7). 20mg Si0;: 8.333 mg Al(Al citrate)

Table I

Polarization (P) of Membrane-bound DPH and Its Lipid
Microviscosity () with K+ Content of Macrophages

time ] i x*
Groupe {ain) YsSE T1SE } X3
Control 20 0.185:0.003  1.35220.042 11.55720.149
€0  0,18420.007  1.329:0.018  11.53340.099
s10, 20 N E2,0 007 0.98420.019 9.2%920, 192
€0 0,14140.00% 0.885+0,031 T.43120,205%
3102+11 citrate 20 0.17140.001 1,183+0.007 10.61240.227
$10,, pretreated 20 0.17240.001 1,19520.010 10.69420.254
vl.ta Al citrate
Cell pretrested 20 0,185:0.004  1,350$0.043  11.60840,181
with Al citrate
Cell pretreated with 20 0.15440,00% 1,00040.029 9.498+0.205
Al citr-to+8102
110, 20 0.16440.002 1,10440.019 10,.61610,.264
60 0,163:0.007 1.096:0.02% 9.38430.2%1
T10,+A1 citrate 20  0,156420,002 1.11130,022 10.54940,258
Ti0, pretreated 20 0.163:0.001 1,100£0.015 10.64740.279
with A1 citrate

K’()lgl?x‘los cell); 1mg S1C, or Ti0,; O0.5mg Al
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Table I
Nat-K*-ATPase Activities (uM Pi/mg protein)

of Three Cell Preparations

adhesion suspension cell

cell ce) homogenate

Groups = - =
XIsSE X+SE X:SE

Control 0.672£0.099 0.80620. 144 1.15640.190
510, 0.64640.113 0,79420.142 1.099:0,.232
Al citrate 0.616+0.099 0.799+0.137 1,13640,057
5i0,+A] citrate 0.66640.119 0.79420.126 1.16220.168
T10, 0.62740.095 0.86240.192 1.09820, 187

The doses of 510, and Al citrate were 300ug and 125ng Al
respectively; Thz entymatic activities were determined
at 1 hr, of culture.

Table Il

Hydration of Erythrocyte Membranes of Several Groups
at the Different Relative Humidity (RH)

Kydration(X)
Groups
9SXRE BIXRH T6XRE S2¥RH 20%XRH

Control 50.2 26.1 18.8 9.2 4.0
8102 39.1 13.3 10.1 5.8 2.3
Al citrate 54.1 30.9 23.8 14.7 5.7
5102011 citrate 52.0 28.1 19.4 10.6 5.8
$10,, pretreated 47.5 21.6 4.3 9.1 3.2
with A1 citrate

P i — e e+ i = s % - . e e~
el MEC.S 1880.0 SRC.C SEC.0p AED.0 DRG0 IS¢ PRO.I0 wm B0 ke Mrp.g R0 GRC.0E  0B.3C S0 e fmes semti 1WS R SN e
o FASYLIY T AeLASRLAS a1} b mpAg Cae y ) s

FI=1K at 55XRE

re-In st 76X FE-Ik at $2%AH rr-1k at 20XMH
Figure 5.
1. Membrane control 3. Al citrate 5. 8i0; pretreated with Al citrate

2. Si0, 4. Al citrate + SiO; 2. Omg §i0y: 0.833 mg Al
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Table IV
The Effects of Different Doses of 8iO; and Al Citrate on
Membrane-bound Water
S10,(ng) Voglen™)  allmg) Vgulea™)
0.5 3395 0.417 3419
1.0 3364 0.833 3558 3460
2.0 bEal *1.668 3607 3493
3.0 3288

- 3102(2.013)4A1 citrate

Cell Membrane Charge

As shown in Figure 8, electrophoretic mobility of
macrophages sped up rapidly following the addition of quartz.
The result indicates that the interaction of quartz with
macrophage surface causes increasing negative elec-
trophokinetic potential (§-potential) and charge density on the
membrane surface. Similar to that on membrane fluidity and
permeability, the effect of quartz on membrane charge of
macrophages has also significant time-dependent and dose-
dependent relationships (Figures 8, 9).

Al citrate can decrease electrophoretic mobility of
macrophages by itself like its effect on membrane-bound
water. The effect of quartz is almost abolished by the addi-
tion of a high dose of Al citrate (Figure 9). Of particular in-
terest, the effect of quartz on membrane charge can be
decreased by the pretreatment with Al citrate (Figure 8).

As illustrated in Figure 8, the increment by titanium dioxide
is lower and its kinetics are very different from that of quartz,
although it increased also electrophoretic mobility of
macrophages.

“.' prrirewied
vith 3 sitmeis

e,

810, wretrestet
we sy

[ prvireniod
i a1 slimie

oy

«w0G.0 I800.0 1400.0 030.00 400.00
WWEMINDLRS tER-1L )

Figure 7. PT-IR or erythrocyte membranes treated by the
different ways at 76% RH.
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DISCUSSION

In previous studies, the cytotoxicity of quartz on macrophages
was evaluated usually by measuring the activities of LDH and
ACP and cell death rate.3-%:13-15 The enzymatic activities may
reflect indirectly the palsmic and lysosomal membranes
damage caused by quartz, but their changes did nct occur until
after one hour of the incubation of cells with quartz. It is ob-
vicus that the indirect interaction between quartz and
macrophage membranes, particularly its early effect need to
be observed in order to establish the injurious effect of quartz
on the membranes. Itis for this purpose that the present studies
was carried out.

Membrane fluidity plays an important role in membrane func-
tion. %17 Fluorescence Probe DPH used in this experiment
can be inserted into the hydrocarbon region of lipid bilayers
and fluorescence polarization depends on microviscosity of
that region. The decrease of P under the action of quartz
elucidates that the motion of lipidic molecules was increased
due to the lowered membrane lipid microviscosity, resulting
in disruption of membrane structure. Moreover, the fact that
quartz can increase fluidity of liposomes prepared from
lecithin and cholesterol also suggests that quartz interacts
mainly with membrane lipids. '8

In regard to the study of permeability, we have demonstrated
that the reduction of K+ content in macrophages can an-
ticipate the enhanced activities of LDH and ACP in culture
medium following the addition of quartz to these cells and is
responsible for the cytotoxicity.® The present paper
establishes further the correlation between both changes of
permeability of macrophage membranes to K+ and their
mambrane fluidity by quartz. Likewise, the mechanism of the
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Figure 8. Kinetic curve of electrophoretic mobility (V) of
macrophages treated by different ways.
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increased permeability is considered to be associated with the
effect of quartz on membrane lipids, but not on
Na*-K*-ATPase.

Bound water is a major component of biological membranes
and is required for the structural stability of lipid bilayers and
the normal function. A novel information about the effect of
quartz on membrane “‘water structure™ was obtained from
the experiment of membrane-bound water of erythrocytes.
The membrane IR spectra show hydration-dependent changes
in the stretching vibration band of bound water, namely VOH
shifted to the lower frequency with decreasing hydration. The
result from subtract spectra (SUB), which can exclude absor-
bance of several groups besides water at 3000-3800 cm-!
region, is consistent with the effect. A turning point of mem-
branes hydration from sorption isotherms curve is at about
76% RH, at which hydration of normal erythrocytes mem-
branes is 18.8% and its VOH pezk position is 3535 cm™!,
whereas hydration of quartz group is only 10.1%, and its
VOH pezk position exhibits red shift to 3447 cm™!. The
decrease of membrane-bound water does not provide lipidic
molecules with a necessary condition required for hydrophilic
and hydrophobic interactions, so that the order degree of
biomolecular layers was not maintained. Indeed, Clifford et
al have found the changes of structure, such as phase separa-
tion of cholesterol from lipid, in membrane dehydration. '
Thus dehydration by quartz is associated with increasing
fluidity or permeability. On the other hand, charges on the
membrane surface will alter relatively because the dehydra-
tion has made water molecules separate from some groups on
membranes which are bound to them. This is further sup-
ported by the results from cell electrophoretic experiments.

ol e,

31,3 62.5 125 250 500 1000
510, or Al citrate dose (pg or pg Al)

015.6

Figure 9. Dose-effect relationships of 5i0,, Al citrate and
Si0; (500 pg) + Al citrate on electrophoretic
mobility (V) of macrophages.
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It seems more possible that quartz interacts with the positively
charged groups, such as -N+(CH3)3 riched in membrane
phospholipids, so positive charge on the cell surface is
neutralized partly and negative charge density increases
relatively. Nash et al and Depasse et al presented the indirect
evidence that quartz is easy to attract amide phosphate and
quatenary ammonium groups and suggested that the attrac-
tion is responsible for haemolysis of quartz toward

erythrocytes.20-21

Compared to quartz, the effects of titanium dioxide on cell
membranes are not only much lower in intensity, but also very
different in kinetics, for instance, the changes of fluidity,
permeability and cell electrophoresis can not enhance per-
manently with the culture time, whereas tended to recover
rapidly and remained constant. Of interest, the results from
morphology is quite in accordance with biophysical and
biochemical determinations.?2 Whether the membrane
damage is caused will depend on physical and chemical pro-
perties of different particles. The fact that the effects of
titanium dioxide on cell membranes were not affected by Al
citrate may give some insight to the difference between quartz
and titanium dioxide in their surface structure and affinity for
ions, such as -N*(CH3)3 and A13+.

Another part of this paper focuses on the anti-injurious effect
of Al citrate and its mechanism. In general, the increased
membrane fluidity, permeability and negative charge densi-
ty were declined, but the decreased membrane hydration were
enhanced following the addition of Al citrate, so that the func-
tion, stability and order structure of cell membranes can be
recovered and maintained. The observation by scanning elec-
tron microscope convinced us of the antagonistic effect of Al
citrate once more.2

The mechanism is discussed through the compared an-
tagonistic effects of several ways of the administration. It
seems that Al citrate will affect membrane-bound water and
charge by it self if the addition of it into cell medium without
washing, but the its effect of disappeared after the cells were
washed.!! These findings suggest that Al citrate combines
with certain membranes, even though the combination is not
firm and matters little to its effect against quartz, No preven-
tive effect was found in fluidity and permeability experiments
of macrophages pretreated with Al citrate. Moreover, Al
citrate alone did not influence these properties of macrophage
membranes. From these it is considered at least that the
preventive ¢ffect of Al citrate is not produced by its direct ac-
tion on cell membranes.

The preventive effects of Al citrate and A1Cl3 were examined
through the pretreatment of particles. The results show that
this pretreatment way can effectively resist membrane damage
by quartz. On the other hand, the fact that AlIC13 exhibits

Toxicity/Surface Characterization HI

a similar action indicates that the pharmalogical effective com-
ponent of Al citrate is mainly Al itself, which explains why
many kinds of soluble Al agents processes a similar effect of
treatment for silicosis. Attention should be paid to the poten-
tial significance of the special action of Al on quartz in preven-
tive and therapeutic silicosis.
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ABSTRACT

Silicosis was the first occupational lung disease to be made compensatable in Britain by legislation in 1919.
This was followed by asbestosis in 1931, byssinosis in 1941 and coalworkers prneumoconiosis (CWP) in 1943.
More recent additions were mesothelioma in 1966, occupational asthma in March 1982 and two asbestos related
diseases in April 1985. (1) Primary carcinoma of the lung accompanying asbestosis and/or bilateral diffuse
pleural thickening. (2) Bilateral diffuse pleural thickening. A claim is entertained if it relates to a prescribed
disease. Admsemaybeprmcribedonlyxfltmanskofocmpauon, and the occupational link can be established
or presumed with reasonable certainty in individual cases.

There has been a steady decline in CWP and silicosis with an increase in asbestos related diseases. Thus there
were 325 cases of CWP diagnosed in 1987 compared to 357 in 1986, 402 in 1983, 683 in 1985, 937 in 1966
and 4,449 in 1954, Asbestosis was diagnosed in 247 cases in 1987 compared to 312 in 1986, 199 in 1983,
161 in 1975, 114 in 1966 and 31 in 1954. The age at which these conditions were first di has also
increased. A total of 399 cases of mesothelioma presented in 1987 compared to 441 in 1986, 413 in 1984,
282 in 1980 and 212 in 1977. Occupational asthma was found in 199 subjects in 1987 compared to 166 in
1986 and 183 in 1983. Bilatera! diffuse pleural thickening was present in 115 cases in 1987 compared to 111

cases in 1986 and 61 in 1985.

The occupational lung diseases eligible for oompensauon (or
benefit) payable by the state in Britain (prescribed respiratory
diseases) include, among other conditions, coalworkers
pneumoconiosis (CWP), asbestosis, silicosis, diffuse
mesothelioma, byssinosis and occupational asthma. A claim
for compensation can only be considered if it relates to a
prescribed disease and the person concerned has been
employed as an insured person under the state scheme in an
occupation prescribed for the disease. A disease may be
prescribed if (a) it is & risk of occupation and not a risk com-
mon o all and (b) the occupational link in individual cases can
be established or presumed with reasonable certainty. A com-
mittee of experts, the Industrizl Injuries Advisory Council,
advises the Secretary of State whether a disease should be
prescribed. The prescribed occupations for preumoconiosis
and related conditions are set out in full in the Social Securi-
ty Act of 1975. The diagnosis of these diseases and the assess-
ment of the resulting disablement is made by doctors with
special experience of chest diseases employed by the Depart-
ment who are stationed at eight centres in various parts of
Britain.

In 1897 the first Workmens Compensation Act came into
force, which gave workmen the right to compensation for ac-
cidents at work. This was funded by employers. It was not
until 1919 that provision was made under this Act in respect
of disablement or death due to silicosis in certain occupations.
Following the report of Merewether and Price to Parliament
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in 1930, the asbestos industry (asbestosis) scheme was in-
troduced in 1931, which made compensation available for
asbestosis for the first ime. The publication in 1942 of a
Medical Research Council report on chronic pulmonary
disease in coalminers showed that these men were liable 10
a form of pneumoconiosis which could not be regarded as true
silicosis. This led to the passing of the Workmens Compen-
sation Act 1943, which covers all forms of pneumoconiosis,
as defined in the Act. The definition adopted was “‘Fibrosis
of the Iungs due to silica dust, asbestos dust or other dusts,
including the condition of the lungs known as dust reticula-
tion."”’

The whole scheme has replaced the Industrial Injuries Act in
July 1948, which provided state benefit for the first time for
all forms of pneumoconiosis in relation to a list of scheduled
occupations. These regulations were amended in 1954 to
enable unscheduled occupations involving exposure to dust
to be covered. In August 1956, primary malignant neoplasm
of the pleura or peritoneum (diffuse mesotheliona) was in-
cluded in the list of prescribed diseases, and in October 1983,
the word “‘malignant®’ was dropped and the pericardium was
added to the pleura and peritoneum. In March 1982, occupa-
tional asthma was added to the list of prescribed diseases in
relation to the seven agents, i.e. (1) isocyanates, (2) platinum
salts, (3) fumes or dusts arising from the use of hardening
agents, including epoxy resins, (4) fumes arising from rosin
used as a soldering flux, (5) proteolytic enzymes, (6) animal



or insects used for research, education or in laboratories, (7)
dusts arising from barley, oats, rye, wheat or maize or to dusts
arising from meal or flour made from these substances. Seven
more agents were added to this list in September 1986; an-
tibiotics, cimetidine, wood dust, ispaghula, castor bean dust,
ipecacuanha, and azodicarbonamide. Two asbestos-related
discases were prescribed in April 1985. (1) Primary car-
cinoma of the lung where there is accompanying evidence of
asbestosis and/or bilateral diffuse pleural thickening; (2)
Bilateral diffuse pleural thickening. The latest occupational
lung disorder to be prescribed was lung cancer in those who
have been in an occupation involving (a) work underground
in a tin mine; or (b) exposure to bis{(chloromethyl)ether pro-
duced during the manufacture of chloromethyl methyl ether;
or (c) exposure to zinc chromate, calcium chromate or stron-
tium chromate in their pure forms.

The general pattern over the years has been that of a steady
decline in the incidence of coalworkers pneumoconiosis and
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silicosis with an increase in asbestos-related diseases. The
diseases now tend to present in less severe forms and the
average age at diagnosis has increased. Thus the average age
of diagnosis in coalworker pneumoconiosis in 1987 was 69
years, compared to 57 years in 1968. These changes are
shown in some detail in the accompanying tables. These show
that only 325 cases of CWP were diagnosed in 1986 compared
to 4,449 in 1954, while asbestosis was diagnosed in 247 cases
in 1987 compared to 31 in 1954. 399 cases of mesothelioma
presented in 1987 compared to 212 in 1977. Occupational
asthma was fourxl in 199 subjects in 1987 compared to 183
in 1983 and bilateral diffuse pleural thickening was present
in 115 cases in 1987 compared to 61 in 1985.

These figures do not reflect the true evidence of the condi-
tion, as when carcinoma occurs in a known case of asbestosis,

it is often financially advantageous to the patient to have this
regarded as a complication of asbestosis.

Table I

Newly Diagnosed Cases of Pneumoconiosis (Prescribed Disease D1)
According to Year and Industry (Industrial Injuries Scheme)

INDUSTRY 1954 1960 1966 1972 1975 1978 1981 1983 1985 1986 1987
Coalworkers 4,449 3,279 937 626 683 476 493 402 364 357 325
Asbestos workers 3l 29 114 125 161 128 140 199 273 312 247
Other mines and 113 a6 57 az 1 54 39 10 7‘7 23 27

quarries
Foundry workers 256 99 55 HAO ) | 29 13 13 18 19 19
Steel dressers 106 19 18 11 8 5 3 0 6 2 2
Pottery manufacture 34% S0 27 24 24 10 10 14 14 10 18
Refractories 26 16 14 8 9 ] 5 5 3 6 3
Other Industries 156 76 a2 43 24 37 31 21 54 a4 34
TOTAL 5,482 3,654 1,264 919 981 744 734 870 739 773 675
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Table IT
Coalworkers Poeumoconiosis—Newly Diagnosed Cases

Analysed by Age and Year of Diagnosis

956

Under 65 yrs
35 yrs 35-44 yrs 45-49 yrs 50-52 yrs 55-59 yrs 60-64 yrs & over TOTAL

1955 199 677 746 1016 924 ao4 591 4997

1961 43 345 a8 505 604 599 289 2768

1968

{average age 57} 7 76 92 127 161 184 127 774
fal

1975

(average age 61) 2 22 28 73 131 132 288 683
(b)

1979

(average age 62} - 12 15 67 144 86 214 538
fe)

1983

(average age 64) - 9 18 31 88 65 '(19} 402
d

1987

(average age 6%) - 3 7 18 17 a6 234 325
le)

{a) includes 20 aged over 75

(k) includes 63 aged over 75

{c) includes 62 aged over 75

(d} includes 70 aged over 75

[e) includes 98 aged aver 75
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Table II
Asbestosis—Newly Diagnosed Cases Analysed
by Age and Year of Diagnosis
Under 65 yrs
35 yrs 35-44 yrs A5-49 yrs 50-54 yrs 56-59 yrs 60-64 yrs & over TOTAL
1961 - 5 11 8 S 9 5 43
1968
(average age S5) 1 17 17 28 22 31 14 130
(a)
1975
{average age 5B) - 11 19 25 35 39 32 161
{b)
1979
{average age 59) - s 9 22 a5 21 21 123
(e}
1983
(average age 61} - 4 15 30 45 35 70 199
(d)
1987
(average age 63) - 4 11 17 39 59 117 247
(e)

{a) include 1 aged over 75
{b) includes 4 aged over 75
{c) 1includes 1 aged over 75
(d) includes 16 aged over 75
(e) includes 26 aged over 75

Table TV
Mesothelioma Cases Diagnosed According to Year

1966 - 76 1977 1980 1983 1984 1985 1986 1987

1,109 212 282 32 413 405 441 399
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Newly Diagnosed Cases Analysed by Agent and Year of Diagnosis

Table V
Occupational Asthma—PD D7

1983 1984 1985 1986 1987 TOTAL
ISOCYANATES 74 51 46 48 a7 266
T
PLATINUM SALTS 9 4 9 12 10 44
HARDENING AGENTS 12 14 19 28 18 91
SOLDERING FLUX 24 27 25 20 i 22 118
PROTEOLYTIC ENZYMES 3 1 6 0 5 1S
ANIMALS/INSECTS 7 8 7 12 7 41
FLOUR GRAIN 54 32 54 46 41 227
ANTIBIOTICS 0 o o o 30 30
CIMETIDINE 0 o) 0 0 0 0
WO0OD DUST 0 o 0 o 15 15
ISPAGHULA 0 4] o 0 0 0
CASTOR BEAN DUST 0 0 o 0 ) 4]
IPECACUANHA ¢} 0 o 0 0 o
AZODICARBONAMIDE o o ) 0 4 4
!
TOTAL 183 137 166 166 199 851

958




Disability Outcomes/Occupational Lung Diseases
Table VII
Bilateral Diffuse Pleural Thickening (Prescribed Disease D9)
Cases Diagnosed According to Year

Table VI

Lung Cancer Accompanied by Asbestosis or Bilateral Diffuse
Pleural Thickening (Prescribed Disease D8)

Cases Diagnosed According to Year

1985

1986

1987

TOTAL

S5

97

1885

1985

1987

TOTAL

61

111

115

287
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INTEROBSERVER VARIABILITY USING THE ILO (1980) CLASSIFICATION
IN SUBJECTS REFERRED FOR COMPENSATION EVALUATION

GEORGE L. DELCLOS, M.D., M.P.H.

¢ R. Keith Wilson, M.D. ¢ Bernard L. Bradley, M.D.

Baylor College of Medicine and the University of Texas School of Public Health, Houston, Texas, USA

INTRODUCTION

It is estimated that several million persons were occupationally
exposed to asbestos between 1940 and the late 1970s.6 Ac-
curate identification of those with asbestos-associated condi-
tions leading to premature morbidity and/or mortality is
necessary from medical, legal and social-ethical standpoints.

The chest radiograph assumes a central role in the evaluation
of different lung dust diseases, particularly in the earlier stages
when symptomaticity and spirometric changes may be
minimal or absent. However, the radiograph is sub]ect toa
good deal of both intra and interobserver differences in in-
terpretation. The causes of this variability may be multifac-
torial, and may include film quality, experience in the inter-
pretation of certain radiographic patterns and prevalence of
abnormalities on the chest roentgenogram. We addressed
some of these issues in a group of asbestos-exposed subjects
referred for compensation evaluation.

STUDY OBJECTIVES
The purposes of this study were:

a) to assess and quantitate interobserver agrecment among
experienced readers on certain features of the 1980 ILO
Classification of Radiographs of the Pneumoconioses,
in a population with a high prevalence of radiographic
abnormality;

b) to assess and quantitate the effect of suboptimal
radiographic technique on this interobserver agreement.

MATERIALS AND METHODS

Study Population

The study population was composed of all subjects con-
secutively referred to our facility for evaluation of possible
asbestos-associated conditions between July 1, 1981 and June
30, 1986. All were from Southeast Texas, an area where
numerous petrochemical industries and shipyards are located.
All were either active or former asbestos end-product users
or their immediate family members.

Radiographs

All study subjects underwent a uniform evaluation consisting
of a history, physical examination, full resting and exercise
pulmonary function testing and chest radiography. Standard
14 x 17 inch radiographs (posteroanterior, lateral and
bilateral oblique views) were taken in full inspiration at a
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distance of 72 inches, using high-kilovoltage technique at The
Methodist Hospital in Houston.

Interpretation of Radiographs

Radiographs were interpreted independently by 3 NIOSH-
certified ‘B’ readers who were unaware of the subjects’ iden-
tities and histories. Readings were carried out with the
radiographs in an unknown order, during three separate batch
sessions over a twelve month period, using standard
radiographs for comparison. The readers were asked to iden-
tify any films that were of less than optimum quality. Profu-
sion scores were based only on the posteroanterior views, and
each radiograph was read into one of the 12 ILO minor pro-
fusion categories. Later, for purposes of analysis, the profu-
sion scores were grouped into the four major ILO profusion
categories, 0 to 3. Pleural readings were based on the
posteroanterior views, although the use of the other three
views for confirmation was permitted. The pleural endpoints
determined in the analysis were: pleural thickening (presence
versus absence), width of pleural thickening along the chest
wall, pleural calcification (presence versus absence) and ex-
tent of pleural calcification, as defined by the 1980 1L.O
Classification of the Radiographs of the Pnevmoconioses.

Statistical Analysis

The degree of interobserver agreement was determined by
kappa-type analysis, in order to account for agreement ex-
pected on the basis of chance alone. Kappa-type analyses are
generally based on the following equation:

Po‘Pe ,
1-P,

Where k is the kappa statistic, P,, the observed proportion of
agreement among the readers, and P, the proportion of agree-
ment based on chance.

The equations specifically employed in this study were taken
from Fleiss, who addresses the calculation of k, its standard
error ($.E.k) and mtmg of the significance of k; these equa-
tions are summarized in Table 1.2

Kappa values are greater than 0 only when observed agree-
ment exceeds that attributable to chance alone. The maximum
possible value is 1.0. In general, kappa values between 0.81
and 1.0 indicate near perfect agreement; values in the 0.61
to 0.80 range, excellent agreement; 0.41 to 0.60, good agree-
ment; 0.21 to (.40, fair agreement, and values between 0.00
and 0.20, minimal agreement beyond chance alone.24

k=
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Table I
Equations Used in Kappa-type Analysis

Calculation of overall kappa statistic:

n K
2
. S e,
1 - nm- - 1= = 1)
om(m-1) ).:; Py * 9

k

Calculation of the standard error of the overall kappa:

k 2 k
\/ 2 - - - - .—l - -
S.E. (k) " \ §J= pj.qj) - §J= pj Qj (qJ pJ)

;3‘] . -aJ V nm(m-1)

Test of significance:

= 3 Z is then referred to tables of the
standard normal distribution.

Equations were taken from Fleiss for determination of kappa and its standard

error when the number of readings per study subject is constant. (2)

Legend: k = kappa; n = no. of study subjects; m = no. of readings per subject;

X, . = the number of readings on subject i (i = 1, ...n) into category j (j=1,
_2.k); pj = overall proportion of readings in category j: qj = l-pj.
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RESULTS

Descriptive Statistics (Table 1)

A total of 469 subjects with a complete set of radiographs were
identified over the five year period. Of these, 417 gave a
history of asbestos exposure; the remaining 52 had, in addi-
tion to asbestos exposure, a variable history of silica exposure
through sandblasting or spraypainting. The mean age (+/-
S.D.)was 55.9 +/-9.95 years, with an average of 32.6 +/-
9.3 years since onset of first exposure to ashestos and of 27.9
+/- 10.7 years in the trade.

Profusion

The three readers agreed within +/- one minor profusion
category of each other on 67% of radiographs. Table III shows
the proportion of films read into each major profusion
category by the individual readers. Reader 3 classified a higher
proportion of films in category 1 than the other two readers;
however, when broken down by minor profusion category,
the discrepancies were mainly in the 0/0 to 1/0 range (data
not shown).

The overall kappa statistic for agreement among the three
readers (Table IV) by major profusion category was 0.44 +/-
02 (p < .001). The individual kappas for each category were:
category 0, 0.47 +/- 03; category 1, 0.42 +/- 03; category
2,0.41 +/- .03 and category 3, 0.42 +/- .03, all p <.001.

Pleural Thickening

Table I shows the proportion of radiographs felt to show
evidence of pleural thickening, and its width, by individual

reader. Again, Reader 3 classified a greater proportion of
films as being consistent with pleural thickening, as compared
to the other two readers. The overall kappa statistic (Table
IV) for agreement on the presence of pleural thickening was
0.50 +/- .03 (p <.001). Interobserver agreement on the
width of pleural thickening, when present, was only fair, with
a kappa of 0.35 +/- .02 (p < .001). Individual kappa values
by each width category were: category a (I-5 mm in width),
0.25 +/- .03; category b (> 5-10 mm), 0.24 +/- .03, and
category ¢ (> 10 mm) 0.38 +/- .03.

Pleural Calcification

The readers showed evidence of excellent agreement on the
presence of pleural calcification, with a kappa of 0.62 +/-
.03. Agreement on the extent of pleural calcification when pre-
sent, was good, with a kappa value of 0.48 +/- .02 (p
<.001).

Influence of Suboptimal Film Quality

Thirty-seven radiographs (7.9%) were considered to be of less
than optimum quality by at least one reader. Separate kappa
analysis for profusion and pleural changes was performed on
this subgroup in order to assess the influence of film quality.
A marked drop in all kappa values was observed. Agreement
on profusion {major category) was 0.29 +/- .09
(p <.01). For presence of pleural thickening, kappa was 0.32
+/-.09 (p < .001), and for width of pleural thickening, 0.29
+/- .06 (p < .001). Interobserver agreement on the presence
and extent of pleural calcification was likewise much lower,
with kappa statistics of 0.40 +/- .09 and 0.27 +/- .08,
respectively (p <.001).

Table II
Study Population: Descriptive Statistics

N
Asbestos exposure
Asbestos & silica exposure
Age

Years since onset of
tirst asbestos exposure

Years in trade

469
417
52

55.9 +/- 9.95

32.6 +/- 9.3

27.9 +/- 10.7

(1) Mean +/- S.D.
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Table IT
Interobserver Agreement: Marginal Proportions

110 Category

Profusion 0 1 2 3
Reader 1 0.62 0.33 0.04 0.01
Reader 2 0.64 0.31 0.04 0.01
Reader 3 0.46 0.50 0.03 0.01

Pleural thickening {(width) 0 a b (o]
Reader 1 0.44 0.37 0.15 0.04
Reader 2 0.41 0.3% 0.14 0.10
Reader 3 0.29 0.38 0.20 0.13

Pleural calcification (extent) 0 1 2 3
Reader 0.75 0.21 0.04 0.004

1
Reader 2 0.84 0.08 0.06 0.02
Reader 3 0.84 0.10 0.04 0.02

Table IV
Interobserver Agreement: Xappa Analysis

k S.Eiii) p_value
Profusion (major category) 0.44 0.02 <.001
Category 0 0.47 0.03 <.001
Category 1 0.42 0.03 <.001
Category 2 0.41 0.03 <.001
Category 3 0.42 0.03 <.001
Pleural thickening
Presence versus absence 0.50 0.03 <.001
Width 0.35 0.02 <.001
a (1-5 mm) 0.25 0.03 <.001
b (> 5-10 mm) 0.24 0.03 <.001
c (> 10 mm) 0.38 0.03 <,001
Pleural calcification
Presence versus absence 0.62 0.03 <.001
Extent 0.48 0.02 <.001

963



Disability Outcomes/Occupational Lung Diseases

DISCUSSION

The existence of both intra and interebserver variability
among readers interpreting radiographs for the presence of
pneumoconiotic changes is well recognized. 38910 The crea-
tion, and subsequent modifications, of different classification
schemes for these interpretations have had several objectives.
Among these, to provide a common language with which to
describe specific radiographic changes, and to reduce
variability and enhance the reliability of these readings. The
1980 ILO Classification is widely used for these purposes.3

Factors felt to influence variability include familiarity with
the classification schema, radiographic technique and overall
radiograph abnormality rate. Prior studies have shown that
interobserver variability is lower among experienced
readers.? The effect of suboptimal radiographic technique on
interobserver agreement has been somewhat more difficult to
measure, with conflicting findings.”-8

Whenever two or more raters independently classify the same
set of radiographs, a certain degree of agreement can be ex-
pected to result on the basis of chance alone. Chance-based
agreement can be calculated,” and depends on the distribu-
tion of the radiographs into the different categories (i.e.,
marginal proportions). Thus, for example, if the abnormali-
1y rate is very low, a substantial amount of chance-based
agreement can be anticipated; if the abnormality rate is higher,
chance-based agreement decreases. Different approaches have
been employed to adjust for this phenomenon, such as stan-
dardization of observed agreement to a certain abnormality
rate.? Kappa-type analysis has been described as a statistical
approach to the measurement of interrater agreement, par-
ticularly in the area of psychology research.?2 More recent-
ly, at least two studies have appeared where this technique was
applied to the assessment of interobserver agreement in the
classification of pneumoconiotic changes on chest roent-
genograms. Musch et al,” in a study of 1771 active taconite
workers, found that the kappa value for three reader agree-
ment on profusion (major category) was 0.26. In their study,
the overall abnormality rate was quite low, and a substantial
amount of chance-based agreement was felt to be present. The
authors also noted that film quality and film age adversely af-
fected kappa. Zoloth et al!! measured agreement among non-
specialists and experienced readers in the screening of sheet
metal workers for asbestos-associated radiographic changes.
Agreement among specialists on the presence of ‘asbestosis’
(k = 0.38) was much better than when non-specialists and
specialists were compared (k = 0.26). Agreement on pleural
abnormalitics was even lower between these two groups
(k = 0.14).

We applied kappa-type analysis to measure interobserver
agreement, using the 1980 ILO Classification, in a referred
population where the prevalence of radiographic abnormali-
ty was likely to be high. The readers were experienced in the
use of this classification schema, and assessment of film quali-
ty was included. Overall agreement on profusion was good;
furthermore, breakdown by each major profusion category
showed a fairly uniform level of agreement across all
categories. Agreement on the presence of pleural thickening,
likewise, was good, and was excellent for detection of pleural
calcification. However, concordance on the width of pleural
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thickening was only fair (k = 0.35), particularly in the lower
width categories. This contrasted with good agreement on ex-
tent of pleural calcification (k = 0.48). Few studies have ad-
dressed interobserver agreement on pleural abnormalities.
Rossiter? found that, among 12 readers, the prevalence of
pleural thickening varied widely; variation was least for
pleural calcification. Zoloth et al,!! as previously noted,
found a very poor level of agreement on pleural changes. In
our study it is possible that a better level of agreement was
found, not only because of the nse of experienced readers, but
also because they had access to oblique and lateral views for
confirmation.

Suboptimal film quality had a marked effect on agreement in
this study, with respect to both profusion and pleural changes.
Although earlier on this detrimental effect had been difficult
to demonstrate,® more recently Musch et al, using kappa
analysis, were able to measure it; our findings are consistent
with this latter study.”

In summary, overall agreement among experienced readers
using the 1980 ILO Classification in a referred population ap-
pears to be good for profusion and pleural thickening
presence, and excellent for the detection of pleural calcifica-
tion. Interobserver agreement on width of pleural thickening,
when present, however, is only modest and highlights an area
where further efforts may need to be directed to reduce
variability.
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INTRODUCTION

Worldwide, regulatory actions have consistently required
medical surveillance for occupational exposure to asbestos.
Regulatory agencies use ‘‘medical surveillance’” as a method
of verifying the effectiveness of engineering controls to pre-
vent work-related disease. In many countries it is also used
to detect longitudinal changes in the prevalance and incidence
of occupational disease in light of stated regulatory goals. It
is therefore an important compenent of regulatory programs
designed to avert and curtail asbestos-related occupational
disease.

In 1986, the International Labor Organization (TLO) drafied
C.162, **Convention Concerning Safety in the Use of
Asbestos’”; Malaysia promulgated *‘ Asbestos Process Regula-
tions {1986)" under the Factories and Machinery Act; and the
USA revised its ‘‘Occupational Safety and Health Act, Oc-
cupational Exposure to Asbestos, Tremolite, AnthophyHite
and Actinolite, {1986)."" One can infer from these and other
developments around the world that there is a strong interna-
tional regulatory trend towards increased protection against
occupational exposure to asbestos. This article examines in
detail the regulatory requirements for medical surveillance of
asbestos workers (excluding worker’s compensation) under
laws in Malaysia and the USA, using the ILO Convention 162
as an analytical framework. For the purposes of this paper,
“‘medical surveillance'” of asbestos workers refers to monitor-
ing of workers® health, as contemplated by C.162, Part 1V,
Article 21 “‘Surveillance of the Working Environment and
Workers” Health.”” C.162 Article 21 provides that medical
surveillance shall be comprised of five components:
(1) medical examinations, (2) monitoring at no cost to
workers; (3) information and *‘individual advice’” to workers
regarding results of medical examinations; (4) alternative
sources of income for those workers for whom asbestos ex-
posure is ‘‘medically inadvisable’’; (3) a notification system
for asbestos-related disease. C. 162 allows for expansive pro-
tections of exposed workers, through its medical surveillance
requirements. Even though many important components of
the program are not expressly stated, the key elements of a
good program are included within its purview. C.162
therefore is a good blueprint for evaluating medical
surveillance programs.

GENERAL BASIS FOR STATUTORY
PROTECTIONS

Regardless whether a given regulatory body is a national
government or an international organization, standards within

a legal system must not be arbitrary and capricious and must
be consistent with the constitutional and practical legal norms
within the national or international context. All three of the
bodies of law discussed herein fall within the purview of the
organization’s authority in their respective legal contexts. For
example, the ILO Constitution’s Preamble considers occupa-
tional health is & fundamental human right.! By ratifying the
ILO Constitution member states grant ILO the authority to
premote interaction and coordinated activity between
employers, workers and governments and to foster dialogue
between less developed and industrialized nations. Interna-
tional standards like C.162 represent the synthesis of inter-
national scientific consensus with the perspective of labor,
management and government. Despite the weaknesses
discussed below, such standards provide a npeutral and
respected point of reference that can be applied in different
political contexts.

Malaysian asbestos regulations have been written with
foresight to diminish the likelihood of widespread illness, pur-
suant to authority in the Factories and Machinery Act 1967
which has jurisdiction to protect the ‘‘safety, health and
welfare of persons in the workplace.”’? Section 22 of the Act
provides for medical examinations of persons employed in fac-
tories where diseases in the Third Schedule (Noetifiable In-
dustrial Diseases)® have occurred or are likely to occur.?
Malaysia’s asbestos regulations were written pursuant to the
authority to promulgate regulations for a safe and healthy work
environment in Sec. 56(1).

By contrast, the USA’s regulations are an outgrowth of a long,
litigious history of asbestos-related disease. The USA’s stan-
dard for occupational exposure to asbestos,’ was adopted
pursuant to the *“Occupational Safety and Health Actof 1970"’
(**OSH Act’").¢ OSH Act authorizes the Secretary of Labor
to promulgate ‘‘occupational safety and health standards™ and
established the Occupational Safety and Health Administra-
tion, (OSHA) to perform this mission. OSHA standards must
be *‘reasonably necessary or appropriate to provide safe or
healthful employment or places of employment,”” under
s3(8).7 The US Congress” delegation of this authority to
OSHA is justified under the *‘commerce clause’’® of the US
Constitution.?

MEDICAL SURVEILLANCE

Scope of Coverage

C.162 and Recommendation 172 (1986) cover all activities
involving exposure of workers to asbestos. However, member
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states may exclude particular branches of economic activity
or particular undertakings from application of provisions of
conventon after taking into account the frequency, duration
and level of exposure, type of work and conditions at
workplace. This provision was written with the intention of
creating a flexible framework that could be adjusted to meet
the needs of different workplaces in nations of differing levels
of development so long as such exemptions are justified.
Theoretically, this provision runs the risk of becoming an ex-
ception that swallows the rule, since variances may be granted
to any number of employees or large sectors of the asbestos
industry without jeopardizing the facade of compliance with
international standards. This could enable member states to
permit various exceptions to the rule, while still in compliance
with international norms, although few if any workers would
receive protection even though programs exist in concept.
This is unlikely, however, given the importance of General
Principles in Article 3, (Part II), where ratifying states make
4 commifment to implement protections through national and
local legislation. Unlike older ILO standards, C.162 has no
specific exposure indices. This is an advantage because im-
plementation of recent advances are not hindered by outdated
“‘ceilings”’ or exposure limits.

Malaysia’s regulations *‘apply to all factories in which any
asbestos process is used but shall not apply to any building
operations or works of engineering construction.”” The regula-
tions only cover asbestos process—meaning *‘manufacturing
process involving the use, application, removing, mixing or
other handling of asbestos material, excluding: 1. cleaning of
premises, plant, equipment, furniture or fittings; and 2.
asbestos dust dispersed but does not exceed PEL in the
breathing air.”* The PEL is 1 fiber per ml 8 hour TWA.10 As
in C.162, use of crocidolite is banned in the workplace. The
Malaysian regulations are an excellent example of comprehen-
sive and substantive provisions for medical care to prevent
occupational disease even though their scope is limited to a
narrow segment of the asbestos-using portion of the economy.

The USA’s federal OSHA regulations cover all occupational
exposure to asbestos except in the construction industry,
(covered under a separate section of the OSHA standards).
This aspect of OSHA standards has been heavily litigated in
the last decade, most recently in Building and Construction
T)'adesDcparmnentv Brock.1! The court held that OSHA
needed to revise its standards in relation to the building trades.
Another exception to the regulations concerns employers
below the **action Ievel’” (0.1 fiber/ml), even though this may
not preclude regulation by state and local authorities or en-
vironmental protection agencm This is a significant loophole
in health protection; it is one that looms even larger in light
of recent initiatives towards increased self-reporting by
employers.

Medical Surveillance Requirements

Asbestos exposure is associated with pleural plaques, pleural
calcification, pleural effusion,!?-13 asbestosis,!!* lung
cancer,16.17 pleural mesothelioma,!8 peritoneal meso-
thelioma!? and cancers of the larynx.202! Good surveillance
programs for asbestos exposed individuals seek to diagnose
these conditions before they manifest clinically, taking into
account the latency period and natural history of disease. They
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also screen for existing disease and monitor the occurrence
and progress of disease. According to the American Thoracic

- Society (ATS), the following information is necessary to make

a reliable diagnosis: a reliable history of exposure; an ap-
propriate time interval between exposure and detection; and
clinjcal manifestation, Additionally, in cases of asbestosis,
diagrostic criteria include; (1) standard chest radiographic
evidence with type s, t, u, irregular opacities with profusion
of 1/1 of greater classified by the ILO Classification, 1980;
(2) a restrictive pattern of lung impairment with forced vital
capacity below the lower limit of normal; (3) a diffusing
capacity below the lower limit of normal; (4) in bilateral late
Or pan inspiratory crepitations at the posterior lung bases not
cleared by cough.Z C.162 enables competent authorities in
member states to authorize and verify the existence of pro-
grams that include these key components.

1. Medical Examinations

C.162 provides that member states shall require medical
examinations. Member states are free to determine,
however, the frequency, (e.g. annual or biennial) place,
(c.g. at the worksite, or in a governmental health facili-
ty); and extent of such examinations, pursuant to their
respective laws. All three laws require pre-placement
screening and periodic examinations, (although the length
of time between examinations may vary). C.162 unique-
ly requires medical surveillance after termination of
employment.

Malaysia and the USA similarly require that the content
of medical examinations include: occupational and smok-
ing history; physical examination; pulmonary function
test and a chest radiograph. Of these two sets of regula-
tions, the content of medical examinations in the USA is
more clearly defined. A standardized questionnaire for
medical examination, is useful for generating
epidemiologic information. It also ensures repeatability
of results over time and from one physician to another.
While Malaysia has no standardized questionnaire, ex-
isting model questionnaires developed by the Medical
Research Council, and Epidemiology Standardization
Project could be modified for Malaysia’s use.? By con-
trast, the USA’s requirements include use of a standar-
dized respiratory questionnaire, which is readily obtain-
ed by reading Appendix D of the OSHA regulations. 4

Spirometric measurements taken during pulmonary func-
tion testing should be carried out by physicians or special-
ly trained technicians.?S Quality control in pulmonary
function testing is important as there is large variability
in instrumentation and measuring techniques.2® In
Malaysia, therearenoapprovedtrnmmgprogmmsnor
standardized criteria for pulmoenary function testing. This
is problematic for the implementation of the regulations.
Insofar as standardization of spirometry is concerned,
criteria by ATS?? and the European Community for Coat
and Steel?® could be used. In the USA, technicians are
trained to use the ATS criteria in National Institute for Oc-
cupational Safety and Health (NIOSH) approved training
programs.



Detection of the severity of pneumoconiosis depends on
the technical quality of the radiograph and the training and
experience of the reader.?? Ideally, films used for
medical surveillance for pneumoconiosis should be read
by two independent readers and if the readings differ, a
third independent reading should be obtained and consen-
sus interpretation obtained.*® In Malaysia, there are no
training programs for those physicians who read chest
radiographs; and use of ILO Classification System of
Radiographs, (*‘ILO Radiographs™”) is not required under
this law,

According to USA law, chest radiographs shall be read
by radiologist, or those with training in reading the ILO
Radiographs. Pursuant to Appendix E,3! chest roent-
genograms *‘shall be interpreted and classified in accor-
dance with a professionally accepted classification system
and recorded on a roentgenographic interpretation form
CSD/NIOSH(M) 2.8.°" This can only be done by: a ‘B
reader’”; a board eligible/certified radiologist; or an ex-
perienced physician with expertise in pneumoconiosis.
The regulations also require all interpreters to have ILO-
U/C International Classification of Radiographs of
Pneumoconiosis 1980.

Preplacement examinations screen for preexisting
disease, fitness to work in asbestos site, and to exclude
those not fit. In Malaysia they are required within 30 days
from employee commencing work in asbestos area. In the
USA such exams are a reqquisite to assignment. Periodic
medical examination monitor for disease and changes in
health status of individual. C.162 requires periodic
medical examinations, as determined by competent
authority in member states. In Malaysia periodic medical
examinations are required *‘at intervals not longer than
2 years’*32 while in the USA medical examinations to be
made available annually.?* Although the medical ex-
aminations are to be conducted annually in the USA, chest
radiographs are carried out every 5 years for all age
groups who are examined within 10 years of first ex-
posure. For workers whose exposure began more than 10
years ago, chest radiographs are taken every 5 years if
the worker is 15-35 years of age; every 2 years; if worker
is 35-45 years of age; and each year for those age 45 or
older. All workers must also be examined within 30 days
of termination.

Cost of medical surveillance

All three of these pieces of legislation agree that medicat
examinations shall be *“‘free of charge’ to the
employee.* C. 162 states that medical examinations take
place during working hours when possible.

Information provided to workers

Under C.162% the workers should have access to *‘in-
dividual advice’’ regarding the results of their medical ex-
ams. Since C.162 does not explicitly require full
disclosure by the physician, this raises issues of medical
ethics if in the physician’s professional judgement, full
disclosure has a detrimental effect upon the worker’s
health. But, the absence of a requirement for full
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disclosure also has the potential for abuse by employers
who direct the physical-employee to withhold informa-
tion. Malaysian regulations require medical results to be
given to the employer and employee upon the employee’s
request. 3¢ In the USA, employers must make available
medical records for examination and copying to affected
employees, former employees, designated representatives
and the government. Implicit in the requirement that
workers obtain information is an underlying concept: that
physicians should have access to any or all information
relevant to the health status of the worker who is the sub-
ject of medical surveillance. Both C.162 and Malaysian
regulations do not expressly define the scope of informa-
tion to be provided to the physician. The OSHA’s
““Medical Access’™ regulations clearly require disclosure
to workers of any or all relevant information pertaining
to their exposure and their medical history.” In addition,
the asbestos regulations require the employer to give the
examining physician: relevant OSHA regulations; a
description of employees duties as related to exposure;
a representative or anticipated exposure level; a descrip-
tion of any personal protective or respiratory equipment;
and employees medical records, not otherwise available
to the physician.

4, Alternative sources of income

The diagnosis of asbestosis does not mean impairment of
hung function or physical disability is necessarily present.
Many workers whose conditions are detected by medical
surveillance will be capable of continuing their work in
other areas of employment, without exposure to asbestos;
C.162 therefore requires that workers who might not
qualify for workers’ compensation or social security
disability benefits must be offered other means of main-
taining their income.38

5. Notification system

C.162 requires that member states develop a notification
system for asbestos related disease.®® Factories and
Machinery Act Sec. 32 requires registered medical prac-
titioners attending to or called to visit a patient suffering
from a notifiable industrial disease to send a notice to the
Chief Inspector and the occupier of the factory. Accor-
ding to the US Regulations the physician is to provide the
employer with a written opinion on the employee. The
employer must then provide the employee with a copy of
the written report within 30 days of receipt. Reportabili-
ty of diseases in the USA is a subject matter for state, not
federal jurisdiction.

CONCLUSION

Given that early detection cannot always alter the course of
an exposed worker’s prognosis, the validity and purpose of
medical surveillance has been questioned. Notwithstanding
this view, medical surveillance among asbestos workers
represents a fundamental protection that has been codified in
international and national asbestos standards and is an ex-
tremely useful tool for measuring compliance as well as
evidence of disease in cases of torts. C.162 provides a com-
prehensive medical surveillance program to control occupa-
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tional lung disease. While C. 162 raises many issues regarding
implementation, it provides a sound blueprint for good
medical surveillance programs. The national laws reviewed
herein are consistent with C.162’s conceptual underpinnings
and reflect the universality and reasonableness of its provi-
sions. Standing alone, however, medical surveillance cannot
be viewed as an alternative to sound work practices, control
technology, or environmental monitoring to reduce worker
exposure.* The medical surveillance provisions discussed
herein therefore must be viewed as but one smafl component
of an overarching, cohesive administrative scheme for inspec-
tion, engineering controls, and enforcement of a host of oc-
cupational safety and health programs.

The nations used as examples in this paper span the gamut of
economic levels, from developing to fully-industrialized. Yet,
each recognizes the importance of good medical surveillance,
as reflected also in international norms, within the purview
of their respective naticnal laws. These regulations are
therefore likely to withstand judicial scrutiny and remain en-
forceable as widely accepted norms in these and other nations,
for many years to come.
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APPENDIX I: INTERNATIONAL LABOUR CONFERENCE

Convention 162

CONVENTION CONCERNING SAFETY IN THE USE OF ASBESTOS

PaRT IV. SURVEILLANCE OF THE WORKING ENVIRONMENT AND WORKERS' HEALTH

Article 20

1. Where it is necessary for the protection of the health of workers, the
employer shall measure the concentrations of airborne asbestos dust in workplaces,
and shall monitor the exposure of workers to asbestos at intervals and using
methods specified by the competent authority.

2. The records of the monitoring of the working environment and of the
exposure of workers to asbestos shall be kept for a period prescribed by the
competent authority.

3. The workers concerned, their representatives and the inspection services
shall have access to these records.

4. The workers or their representatives shall have the right to request the
monitoring of the working environment and to appeal to the competent authority
concerning the results of the monitoring.

Article 21

1. Workers who are or have been exposed to asbestos shall be provided, in
accordance with national law and practice, with such medical examinations as are
necessary to supervise their health in relation to the occupational hazard, and to
diagnose occupational diseases caused by exposure to asbestos.

2. The monitoring of workers’ health in connection with the use of asbestos
shall not result in any loss of earnings for them. It shall be free of charge and, as far
as possible, shall take piace during working hours.

3. Workers shall be informed in an adeguate and appropriate manner of the
results of their medical examinations and receive individual advice concerning their
health in relation to their work.

4. When continued assignment to work involving exposure to asbestos is found
to be medically inadvisable, every effort shall be made, consistent with national
conditions and practice, to provide the workers concerned with other means of
maintaining their income,

5. The competent authority shall develop a system of notification of occupa-
tional diseases caused by asbestos.
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APPENDIX Il: RECOMMENDATION 172
RECOMMENDATION CONCERNING SAFETY IN THE USE OF ASBESTOS

IV. SURVEILLANCE OF THE WORKING ENVIRONMENT
AND WORKERS’ HEALTH

29. In cases determined by the competent authority, the employer should
make arrangements for systematic surveillance of the concentration of airborne
asbestos dust in the workplace and of the duration and level of exposure of workers
to asbestos and for the surveillance of the workers’ health.

30. (1) The level of exposure of workers to asbestos should be measured or
calculated in terms of time-weighted average concentrations for a specific
reference period.

(2) The sampling and measurement of the concentration of airborne asbestos
dust should be carried out by qualified personnel, using methods approved by the
competent authority.

(3) The frequency and extent of sampling and measurement should be related
to the level of nisk, to changes in the work processes or other relevant
circumstances.

(4) In evaluating the risk the competent authority should take into consider-
ation the risk posed by all sizes of asbestos fibres.

31. (1) For the prevention of disease and functional impairment related to
exposure to asbestos, all workers assigned to work involving exposure to asbestos
should be provided, as appropriate, with —

(a) a pre-assignment medical examination;
(b) periodic medical examinations at appropriate intervals;

(c) other tests and investigations, in particular chest radiographs and lung
function tests, which may be necessary to supervise their state of health in
relation to the occupational hazard and to identify early indicators of disease
caused by asbestos.

(2) The intervals between medical examinations should be determined by the
competent authority, taking into account the level of exposure and the workers”
state of health in relation to the occupational hazard.

(3) The competent authority should ensure that provision is made, in
accordance with national law and practice, for appropriate medical examinations to
continue to be available to workers after termination of an assigment involving
exposure to asbestos.

(4) The examinations, tests and investigations provided for in subparagraphs
(1) and (3) above should be carried out as far as possible in working hours and
should entail no cost to the worker.

(5»_) Where the results of medical tests or investigations reveal clinical or
preclinical effects, measures should be taken to prevent or reduce exposure of the
workers concerned and to prevent further deterioration of their health.

(6) Results of medical examinations should be used to determine health status
with regard to exposure to asbestos and should not be used to discriminate against
the worker.

(7) The results of medical examinations should be used to help place the
worker in a job which is compatible with the status of his health.

(8) Workers subject to supervision of their health should have—
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(a) the right to confidentiality of personal and medical information;;
(b) the right to full and detailed explanations of the purposes and results of the
supervision ;
(c) the nght to refuse invasive medical procedures which infringe on their
corporal integrity.

32. Workers should be informed in an adequate and appropriate manner, in
accordance with national practice, of the results of the medical examinations and
receive individual advice concerning their health in relation to their work.

33. When an occupational disease caused by asbestos has been detected by
health surveillance, the competent authority should be notified in conformity with
national law and practice.

34. When continued assignment to work involving exposure to asbestos is
found to be medically inadvisable every effort should be made, consistent with
national conditions and practice, to provide the workers concerned with other
means of maintaining their income.

35. National laws or regulations should provide for the compensation of
workers who contract a disease or develop a functional impairment related to
occupational exposure to asbestos, in accordance with the Employment Injury
Benefits Convention, 1964.

36. (1) The records of the monitoring of the working environment should be
kept for a period of not less than 30 years.

(2) Records of the monitoring of exposure of workers as well as the sections of
their medical files relevant to health hazards due to exposure to asbestos and chest
radiographs should be kept for a period of not less than 30 years following
termination of an assignment involving exposure to asbestos.

37. The workers concerned, their representatives and the inspection services
should have access to the records of the monitoring of the working environment.

38. In the case of closure of an undertaking, or after termination of
engagement of a worker, records and information kept in accordance with
Paragraph 36 above should be deposited in accordance with the directions of the
competent authority.

39. In accordance with the Tripartite Declaration of Principles concerning
Multinational Enterprises and Social Policy, adopted by the Governing Body of the
International Labour Office, a national or multinational enterprise with more than
one establishment should be required to provide safety measures relating to the
prevention and control of, and protection against, health hazards due to occupa-
tional exposure to asbestos, without discrimination, to the workers in all its
establishments regardless of the place or country in which they are situated.

V. INFORMATION AND EDUCATION

40. The competent authority should take measures to promote the training and
information of all persons concerned with respect to the prevention and control of,
and protection against, health hazards due to occupational exposure to asbestos.

41. The competent authority, in consultation with the most representative
organisations of employers and workers concerned, should draw up suitable
educational guides for employers, workers and others.
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COMPENSATING VICTIMS OF OCCUPATIONAL LUNG DISEASE:

THE PHYSICIAN’S ROLE IN THE SYSTEM

STEPHEN . RICHMAN, J.D.

Ceisler/Richmand/Sweet Law Firm, 200 Washington Trust Bldg., Washington, PA, USA

The legal remedies available to victims of occupational lung
disease are chiefly of two types: claims for benefits under
workers’ compensation laws, and suits for dimages under the
laws of products liability. In workers’ compensation law the
claimant is required to prove that the employee’s death or
disability had been caused by his employment, and *‘disabili-
ty’” usually means that the worker has lost income because
he is unable to do his regular job. Under the law of products
Liability, a supplier of toxic materials is required to warn of
dangers involved in handling the materials; the failure to give
adequate warning renders the material unreasonably
dangerous and its supplier liable in damages to the unwarned
victim harmed by the material. In both kinds of proceedings,
disputed questions of diagnosis, etiology, causation and
disability are decided by litigation. These issues involve very
complex scientific testimony and a costly battle of experts. !
The role of the physician as medicolegal consultant and ex-
pert witness is: (1) to describe and diagnose all significant
pathology; (2) to prove or disprove a causal relationship be-
tween the significant pathology and impairment or death; (3)
to identify and explain the eticlogy of the significant
pathology; and (4) to evaluate impairment and disability.

THE PHYSICIAN'S ROLE AS MEDICOLEGAL
CONSULTANT

Whether clinician or pathologist, the medicolegal consultant
must study and evaluate the available evidence of clinical
history, occupational history, environmental history, and the
history of smoking and other social habits. He should make
known his information requirements to the consulting at-
torney, whose duty it is to use his access 1o legal processes
for gathering facts in order to furnish to the medical consul-
tant all needed data. In his study of the clinical history, the
medical consultant should include chest X-ray films, elec-
trocardiographic records, tests of pulmonary functicn and
other relevant laboratory data. If he considers his knowledge
of these matters wanting, the medical consultant should can-
didly acknowledge his limitations to the referring attorney and
request additional consultations with appropriate medical
specialists.

In performing his investigation, the medical consultant should
acquire familiarity with the reported studies which correlate
pathologic findings, radiclogic appearances and measured
pulmonary function. In death cases, the tendency of
pathologists to sample the “*worst”” areas they see at autopsy
may mislead the consulting pathologist to a conclusion that
the pathology was more severe than was actually the case; but
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if there are other physiologic data available, this sampling er-
ror can often be identified.! Because the histopathologic
evaluation may be a more or a less sensitive detector for cer-
tain diseases than either pulmonary function or radiology, the
need for review of all information, clinical and pathologic,
is underscored.!

The medical consultant should also become informed about
the prevalences and etiologic associations of diseases
established by epidemiology. In his study of the occupational
and environmental history, the medical consultant should
identify and comprehend the importance of relevant exposures
to toxic substance pollution. For such knowledge, consulta-
tion with a chemist, toxicologist or industrial hygenist may
be required; and the physician should make the need known
to the referring attorney.

Using all of the collected information, the consulting physi-
cian prepares his opinions as to diagnosis, etiology, causation
and disability. In the litigation setting, it is especially impor-
tant that in expressing diagnoses the medical consultant
employ recognized disease nomenclature and standard ter-
minology. As legal counsel, I have frequently witnessed oc-
casions where medical experts ignore or reject the published
diagnostic standards and instead employ peculiar
nomenclatures and diagnostic criteria in a regrettable litiga-
tion tactic calculated to confuse.

In formulating his opinions, the consulting physician must also
take into account the lega! criteria as provided to him by the
referring attorney. It is important to realize that the legal
criteria and the medical criteria may conflict. The definition
of pneurnoconiosis illustrates the conflict. Whereas medicine’s
diagnosis requires lung tissue reaction to inhaled dust, Federal
black lung law does not; the latter applies the term
pneumoconiosis to any and all chronic respiratory im-
pairments etiologically related to inhaled coal mine dust.!

The medical consultant must also comprehend the applicable
legal standard of causation, and his opinion must conform to
it. When death or disability is due to multiple diseases, of
which one creates liability, the question is perplexing. Take,
for example, the extremely dyspneic, cigarette smoking in-
sulator whose diagnoses included bronchogenic carcinoma,
centrilobular emphysema, asbestosis and severe coronary
artery disease with congestive heart failure. Should the
medical consultant rank the conditions according to their order
of contributing importance; and even quantify by informed
estimate the contribution to death or disability made by each?
‘When is the contribution of the single, compensable disease



large encugh to permit the finding that it had caused the death
or disability? Depending on the type of legal proceeding and
the jurisdiction involved, the legal standard of causation which
will be applied for determining whether the contribution by
occupational disease had been sufficient, can vary from any
contribution, to significant or substantial contribution, to
primary cause, to requiring that the occupational disease in
and of itself be the cause of death or disability.!

After completing all examinations, all testings, and the study
of all records and materials, the medical consultant is then able
to compose his report. The report should identify the records
and materials that had been studied or considered. Findings
should be described with measured preciseness and in detail.
The opinions expressed may be based on any source, including
such hearsay sources as hospital records, reports of other
physicians, statements elicited from the disease’s victim, and
acknowledged scientific treatises; provided that the source is
inherently reliable and of the kind customarily relied upon by
experts in forming their opinions.! The report might cite by
reference appropriate authorities to support the conclusions
reached.

The ultimate conclusions as to diagnosis, etiology, causation
or disability should be reached by standard methodological
principles? and held with *‘reasonable medical certainty,”
and reasonable medical certainty must include logical deduc-
tion from the data available and a comparison with the known
literature on the subject.! The bases for all opinions and con-
clusions must be stated in order to demonstrate that they reflect
reascned medical judgment. ‘“ An opinion without articulated
bases. . .is. . .not very persuasive™.?

The report is not confidential and is available to all parties to
the proceeding. It may become admitted into evidence and,
unsupplemented by oral testimony, constitute the plenary
statement of the physician. If the author of the report does give
oral testimony at deposition or hearing, any ambiguities or
errors in the report will be used to discredit its author’s opi-
nions. Therefore, special attention must be assigned to
preparation of the report. Requestis from the referring attorney
for amplification are common and should not be regarded as
slighting or offensive. The importance of completeness, ac-
curacy, and unequivocality in a report intended for use in a
legal proceeding is absolutely essential.

THE PHYSICIAN'S ROLE AS EXPERT WITNESS

In workers’ compensation and in products liability cases,
much of the scientific evidence is greatly beyond the ken of
most adjudicators. Only by the testimony of expert witnesses
which explains the case can a litigant successfully present its
contention with respect to the issues of diagnosis, etiology,
causation or disability. The *‘battle of experts’* has in conse-
quence become a standard part of occupational lung discase
litigation.

The testimony of the medical consultant, as expert witness,
will be presented by oral testimony given under oath. The op-
posing party will have a full right to cross-examine the ex-
pert witness as to all matters covered in direct examination.
The setting for testimony may be the court room in the
presence of judge and jury; or it may be the physician’s own
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office by way of stenographic or videotape deposition which
is later read or shown to the adjudicator in the court room or
at a hearing.

Because a decision in a case is often reached by adopting a
particular expert’s opinion, it is important that the trier of fact
be informed as to the professional qualifications of the expert.
According to Belli, 2 famous trial lawyer, one must impress
the jury with and by the witness” credentials. *‘The more ex-
perience the expert has and the more widely recognized he
or she is as an authority in the field, the more impressed the
members of this jury will be; they will then accord such
testimony more weight.””! Therefore, the expert witness
should be prepared to provide, without modesty or exaggera-
tion, an accurate and complete description of his professional
qualifications.

In either his preparation for trial or during the presentation
of his testimony at trial, the expert witness may desire to
review the information upon which his opinions had been
based. He is permitted to refer to any matters, including X-
ray films and pathologic materials, or even his own report,
in order to refresh his memory. However, once referenced,
the information becomes subject to the cross-examiner’s full
right to examine and use it. Occasionally, embarrassment oc-
curs when inspection at trial of the expert’s file results in
disclosure of forgotten contents which the witness would have
preferred to keep private.

References to learned treatises are often invoked in order to
corroborate or to impeach the expert’s attested opinions. The
Federal Rules of Evidence provide: **To the extent called to
the attention of an expert witness upon cross-examination or
relied upon by him in direct examination, statements contained
in published treatises, periodicals, or pamphlets on a subject
of history, medicine or other science or art, established as a
reliable authority by the testimony or admission of the witness,
.. .may be read into evidence....™’!

Although the law requires the expert witness to declare that
he holds his opinion with a *‘reasonable degree of medical cer-
tainty,’’ this traditional legal formulation may not harmonize
with the new formulations of epidemiology. The point is well
illustrated where lung cancer is seen in a smoking asbestos
worker who had been exposed to other carcinogens. Accord-
ing to Enterline, an opinion about the tumor’s etiology can-
not be stated with certainty, because to attribute with certainty
lung cancer to asbestos would falsely imply that the asbestos
exposure somehow blocked the possible effects of all other
cancer-causing agents; buf an opinion can be expressed
relatively as a mathematic probability for each carcinogenic
agent to which the worker had been exposed.! At what point
medicine’s probability becomes equivalent to law’s reasonable
medical certainty is yet to be addressed by the courts. Until
it is, the problem will certainly perplex the knowing and con-
scientious medical expert.

When his opinions are informed, honest and forthright, the
physician, who has properly prepared, should not be ap-
prehensive about performing as expert witness and giving oral
testimony. Nor should he be timid in his criticism of other
physicians when he knows that their opinions are nor in-
formed, honest or forthright.
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The late C. L. Anderson, a pulmonologist at Western Penn-
sylvania Hospital in Pittsburgh who possessed wide ex-
perience as an expert witness, gave some advice which I will
pass on: On cross-examination, do not be misled by
hypotheticals; stick to what is known medically; be not per-
suaded by ““what might be’" or “*what could be’"; stay with
““what is”’, avoid the fate of the unwary physician led by the
cunning cross-examiner down the path to an improbable
disease state.! Keeping in mind the specific medicolegal
issues about which he has been consulted, the medical expert,
in giving testimony, should avoid digression, remain relevant,
and explicate his points comprehensibly. And be convincing!
**However learned and honest the person may be, it must
always be remembered that it is not just what the expert
knows, it is also what the [referee judge or] jury understands
and believes the expert knows.”"!

CONCLUSION

The outcome of occupational lung disease litigation is deter-
mined more by medical points than by legal points. The at-
twrney who is an experienced and successful litigator of these
cases will know generally the medicine of lung disease and
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be particularly up on the medical aspects of the case with
which he is immediately involved. Because the role of the ex-

_pert witness is so important to the result, the physician who

would be medical consultant and expert witness should an-
ticipate cross-examination by an informed attorney. For the
physician who is himself informed about the subject of his
testimony, being an expert witness should not create concern
because the medical and scientific training of a physician gives
him enormous advantage over an adversary trained in the law.

The physician who becomes a medicolegal consultant in a
litigated case of occupational lung disease enters into a very
topical, socially sensitive and intellectually stimulating pro-
fessional activity.
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PRODUCT STEWARDSHIP OR BANS? ASBESTOS IN THE THIRD WORLD

BARRY I. CASTLEMAN, ScD

Environmental Consultant, 1722 Linden Avenue, Baltimore, MD, USA

In the technological development of nations, it has been widely
accepted that each country would do well to choose “‘ap-
propriate technology®’ based on its resources, its people and
their needs. Public health impacts of some technologies render
them undesirable for Third World country development. Let
us consider asbestos.

No one would urge that developing countries today should
build plants to make asbestos thermal insulation. Asbestos has
been replaced by wood pulp, fibrous glass, and other materials
to make insulation products far less deadly than the asbestos
insulations used in the past. Thermal insulation reinforced with
asbestos is an example of discredited technology because of
its severe, unavoidable hazards and the availability of safer
alternatives. The most recent manufacture of this product 1
know of was in 1980; however, it may still be made by pro-
ducers in Thailand and/or India.

Industry Theory: Controlled {Ise Exists and Is
Becoming {Universal

The international asbestos industry has claimed for decades
that asbestos can be used safely and that it should be used in
Third World development. Corrugated asbestos-cement roof-
ing is used worldwide, and together with other asbestos-
cement sheet and pipe products accounts for over 80 percent
of asbestos use. Increased use of asbestos in developing coun-
tries has offset tremendous market losses in the industrial na-
tions over the last 10 years. Quarterly publications of the
Asbestos Institute in Quebec describe aggressive sales efforts
in Asia, Africa, and Latin America.

The International Labor Office has published a **Code of Prac-
tice”” enumerating very basic safeguards that should be used
in work with asbestos.! Some countries have regulations that
apply to industries where asbestos hazards exist. The issuance
of control instruments as published documents, however,
never has and never will assure that the “*mandated’’ controls
are in fact applied. The gulf between what is advertised as
“‘controlled use of asbestos’” and the reality of manufactur-
ing and construction work with asbestos is greatest in the poor
countries whose use of asbestos is on the rise.

Widespread Uncontrolled Use in Developing
Countries

The chief of Brazil's environmental protection agency wrote
in 1986 that the labor authorities in charge of worker protec-
tion did *‘poor work’* and were ‘“very ineffective.”’? As of
1986, this official wrote that, ‘‘we don’t make any {power

tools with exhaust ventilation) in Brazil, and it is difficult to
import them.”*3 1t seems highly unlikely that portable saws
with exhaust ventilation and dust capture are being used by
construction workers handling asbestos-cement products in
countries like Brazil. When that country’s authorities began
to inquire about health risks in asbestos manufacturing opera-
tions in 1980, the government people depended upon com-
panies visited to provide and demaonstrate the use of standard
air monitoring equipment. As of 1986, the official workplace
exposure limit for asbestos in Brazil was 4 fibers/ce, twenty
times as high as the limit in the U.S.

Uncontrolled use of asbestos has been the norm in many coun-

tries, even in recent years. Mexican researchers found severe
asbestosis in workers employed spraying asbestos; workers
spraying asbestos were monitored as having exposures of 54
fibers/cc in 1982.4 Investigations in India showed complete
disregard for worker health by affiliates of U.S. and U.K.
multinational corporations making asbestos products.-¢ In
one Indian plant, where I have been told asbestos-cement pipe
was sawed without local exhaust ventilation, government
hygienists measured exposures of 216-418 fibers/cc.”

If the asbestos industry is taking concerted action to imple-
ment ‘‘controlled’” use of asbestos today, it represents a com-
plete reversal of recent practices. In 1977, Canadian asbestos
mining firms arranged to delete warning fabelling about the
cancer hazard of asbestos, opting instead to accept written
releases of liability from a distributor in Japan.® Similarly,
1978 minutes of the Asbestos International Association reveal
an international conspiracy to proceed as slowly as possible,
country by country, using the weakest possible warning labels
*“in fear of a possible influence on sales.”*%%

Given the historic lack of beth industry product stewardship
and controlled asbestos exposures, especially in the vulnerable
developing countries, the operative question is: Will asbestos
hazards be controlled? (not: Can asbestos hazards be con-
trolled?) The burden is on the asbestos industry to demonstrate:
that it is practical to routinely use asbestos in a thoroughly con-
trolled way in developing countries.

The record to date suggests that it is unreasonable to expect
that asbestos hazards will be controlled in the developing coun-
tries. Industry spokesmen acknowledge that, even now, con-
struction contractors in the U.S. sometimes use abrasive disc
saws to cut asbestos-cement pipe—despite advice against the
practice by the A-C Pipe Producers Association and the ex-
istence of applicable OSHA standards since 1972. Similar
problems have been reportéd with the use of asbestos-cement
sheet in U.S. construction work. 10
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How then can we expect Third World manufacturers of
asbestos products and construction contractors to take on the
cost of extracrdinary control measures, when there typically
isn’t even pressure from industry or government authorities
to do s0? Where is the infrastructure of prevention (informa-
tion, regulation, and compensation) in Third World countries?
And why should developing countries submit to the likelihood
of asbestos contamination and disease, when safer alternatives
exist that will not warrant the unprecedented commitment of
scarce public heaith resources?

Developing countries may also wish to consider another form
of “‘pollution” that has frequently come along with the growth
of an indigenous asbestos industry. This is the corruption of
the fledgling professions of industrial medicine and hygiene,
as pressures are brought to bear on health professionals in in-
dustry, government and academia to learn the *‘industry line™
and downplay concerns about workplace and environmental
exposure to asbestos. This impact on a vital sector of a socie-
ty in development may pave the way for subsequent public
health abuses by other industries. Again one must wonder,
why should a developing country want to accept the exter-
nalized costs of a growing asbestos industry, given the alter-
natives available in 19887

Asbestos Substitutes

In the 1980s, an increasing array of asbestos-free products has
become commercially available. Asbestos-containing cor-
rugated and flat cement sheeting, valve and pump packings,
roofing felts, pipeline wrap, and vinyl flooring are no longer
even made in the United States. In Europe, the Swiss Eternit
Group (SEG) has agreed to eliminate asbestos in fiber-cement
sheet products by 1990 in Germany and Switzerland, in favor
of polyolefin fiber-cement sheet. SEG is experimenting with
dozens of plant fibers and has already been able to replace
asbestos with cellulose and wood fiber substitutes in Costa
Rica and other Latin American countries.!! The asbestos-
free products carry warranties equal to those of the
predecessor asbestos products. In Australia and Malaysia,
James Hardie and its affiliates are making cement sheet pro-
ducts reinforced with wood pulp instead of asbestos.

This is progress indeed, when one considers that exposures
from sawing asbestos-cement sheet without dust controls have
been reported as over 100 fibers/cc. 12 It is also relevant that
in many countries people catch water ninning off their roofs
for drinking and cooking. EPA researchers have reported that
““asbestos fiber concentrations over 500 million fibers per liter
have been found in cistern drinking waters which use asbestos-
cement roofing tiles to collect water.””13 It would be a relief
if people had this burden of wood, coconut, or banana plant
materials instead of asbestos in their drinking water.

The Role of the Canadian Government in Promoting
Asbestos Use

‘When the U.S. Environmenta! Protection Agency proposed
to ban asbestos, the Canadian government, representing both
private and state-owned asbestos mines, applied considerable
pressure to oppose the ban.!* An article in the British
magazine The Economist created a furor, for it suggested that
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Canada had become *“a sort of merchant of death by unloading
its asbestos on unsophisticated Third World clients who may
not be aware of its dangers.”’ %15 Canada’s Energy, Mines
and Resources Minister Marcel Masse was quoted as respond-
ing to the above article by writing, “*(f)he risk can be man-
aged anywhere. This includes the Third World, where govern-
ments are more aware of the risks and more capable of con-
trolling them than your correspondent is willing to credit.**1S
The Toronto Star went on to describe a $30 million campaign
of federal and Quebec governments o *‘try to drag asbestos
out of the doghouse.™ 15

The Asbestos Institute, which is partly supported by Cana-
dian taxpayers, also worries that EPA’s proposed asbestos ban
will impede the promotion of asbestos in countries which have
little or no experience, let alone resources, in controlling in-
dustrial cancer threats. The Institute is a joint venture of the
asbestos mining industry and the government, ‘‘to maximize
the use of existing resources in a concerted effort to defend
and promote the safe use of asbestos on a global scale.” It
claims to be ‘“‘dedicated to promoting the proper use of
asbestos.”’16

Canadian physician David Bates has called for the establish-
ment of an independent commission (*“recruited neither from
industry nor from government employees®”) to monitor cer-
tain indicators of product stewardship in the export of Cana-
dian asbestos and report annually to the public.!” An ap-
propriate topic for such an oversight panel would be the
publication of lies like this by Ashestos Institute President
Claude Forget: “‘In (Selikoff’s) study of American insulation
workers, asbestosis victims did not only inhale white asbestos
as you state but were exposed to mostly amosite asbestos.”” 18
Canada’s independent asbestos oversight panel, if it is ever
set up, might also want to monitor the intimidation and
villification of scientists at conferences where the hazards of
asbestos are discussed. For example there is this by the
Asbestos Institute Director of the Health and Environment
Division, Jacques Dunnigan, at an asbestos conference in
Mexico: ““It is very hard for me to abstain from expressing
my feeling that what we have just heard is standard, usual,
ad naus;gum repeated practice of some people at Mt
Sinai.™

Dr. Bates also called on the government of Canada to provide
as much money for research into asbestos” health effects as
is released for promotion of the industry. This balance, along
with the creation of the oversight commission **would help
to reassure average Canadians that they could not be accused
of simply cynical exploitation of other people’s ignorance,””
he concluded.!” It is unworthy for the Canadian people to be
represented by government officials who would rather sell
ever more asbestos than plan for an asbestos-free future.

The Soviet Union’s performance as a major exporter of
asbestos fiber and technology is also worthy of scrutiny from
a health standpoint. Reliable information on this would be
most welcome, whether from the USSR, Canada, or other
sources.

CONCLUSION
The eventual elimination of asbestos in favor of safer (and in



some cases essentially harmless) materials is of great public
health importance. The continued lack of product stewardship
by companies and countries mining asbestos, in the interim,
constitutes a formidable health threat. It can only be hoped
that this industry will see that its credibility and near-term sur-
vival depend upon worldwide implementation of un-
precedented controls. Without this demonstration that asbestos
will be used with stringent safeguards, the industry is sure to
suffer rapid declines as social opposition mounts. Anyone who
doubts the swiftness with which such events can move should
note West Africa’s revulsion at being used as a dJumping
ground for hazardous wastes from the U.S. and Europe.

My own experience with the asbestos industry leads to the con-
clusion that the only way to assure that asbestos will stop kill-
ing people needlessly is to ban it. This approach, which is be-
ing taken in Sweden and the United States, is even more at-
tractive in developing countries where stringent regulation is
not really a viable alternative to a ban.
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VALUE OF SCREENING SPIROMETRY IN EPIDEMIOLOGIC STUDIES
OF PNEUMOCONIOSIS

G. W. FRANK,* M.D. ¢ P. Harber?

*Department of Medicine, Veterans Administration Medical Center, Los Angeles, California, USA

FO0ccupational Medicine Branch, Pulmonary Division, Department of Medicine, University of California,
Los Angeles, California, USA

ABSTRACT

Pneumoconioses typically cause a restrictive ventilatory defect with low Total Lung Capacity (TLC). Measure-
ment of TLC requires elaborate equipment, is labor-intensive and ume—consuuung It is seldom available in
industrial seftings or epidemiologic field studies. In contrast, portable spirometry is readily and cha:ply done.
‘We sought to determine the value of spirometry in predicting a low TLC and its usefulness in screening for
restrictive ventilatory defects. As such, the use of spirometry could avoid unnecessary and costly testing of
normal individuals. TLC values for an occupationally referred population of 687 shipyard workers (O) and
a clinicafly refered pepulation of 565 patients at a large Veterans Hospital (C) were compared with a spirometric
index. This index was derived from the subject’s Forced Vital Capacity (FVC) and the ratio between the One-
Second Forced Expiratory Volume and the Forced Vital Capacity (FEV1,/FVC). There was excellent cor-
relation (p<0.001) between TLC and the index, with r=0.66 in (O) and r=0.69 in (C). The index discriminated
an abnormally low TLC, i.e., <80% predicted, with sensitivities of 88 % (0) and 70% (C). Specificities were
79% (O) and 82 % (C). Overall concordance values were 80% (O) and 78 % (C). Because the index identified
the majority of subjects with nrormal or high TLC, its use in screening for restrictive ventilatory defects could
obviate a large number of unnecessary lung volume determinations. Spirometry could thus be very useful in
epidemiologic field studies of pneumoconioses.

No Paper provided.
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PNEUMOCONIOSIS OF DELAYED APPARITION: LARGE SCALED
SCREENING IN A POPULATION OF RETIRED COAL MINERS OF

THE NORTHERN COAL FIELDS OF FRANCE

P. FRANCOIS e+ J.M. Prevost ¢ G. Courtois » A. Mas

Charbonnages de France

The coalworker’s pneumoconiosis may appear a long time
after the exposure to nocive dust has ceased. This is a well
established fact. What we don’t know exactly is the frequen-
cy of such forms of pneumoconiosis of long delayed
apparition.

Figure 1. The number of new cases detected among ex-miners
increases from year to year; since 1980, it exceeds the number
of the cases diagnosed in the population of the active miners.

According to the French legal prescriptions every coalminer
in activity is offered a yearly chest X-ray; therefore the
endemy of pneumoconiosis is precisely known among the ac-
tive population. Such a yearly X-ray follow-up is by no means
compulsory for the ex-miners, which makes an exact evalua-
tion of the prevalence of the professional disease among the
retired miners impossible. However the French Ministry of
Health has made recommendations so that an X-ray control
may be offered to the miners who have been exposed to nocive
dusts of silica, asbestos and iron. In that legal context in 1983,
under the direction of Dr. Amoudru, past Chief-Physician of
the French Coal Mines, we initiated a large scaled screening
among the ex-miners of the coalfield of the North of France.

METHODS

The medical Centre of Bruay en Artois was selected as an ex-
perimental base for a screening to be carried out from 1983
to 1986.

The Aims of Such a Screening Campaign
1. Particular epidemiologic interest attached to such a large
inquiry among miners and ex-miners;

2. For some cases opportunity to start a regular survey ora
treatment;

3. Possible medico-legal implications: certification and com-
pensation of new cases.

Criteria of Selection

The ex-miners were entered into the study on the basis of the
following criteria;

1. Absence of any radiological evidence of pneumoconiosis
at the time of the retirement;

2. Duration of the dust exposure equal or superior to 5 years;

3. Cessation of any exposure since at least 3 years, without
any consideration of age.

Responses to the Proposition of a Medical
Check-up—Figure 2

3624 invitations were issued. 3070 ex-miners participated
(85% of the total population). That high percentage of par-
ticipation may be partly explained by the perspective of a
possible certification; it is also the result of the prealable cam-
paign of information addressed to the ex-workers and their
family doctors.

Absenteeism represents only 15% of the contacted population.
Figure 2 shows the main reasons of that absenteeism: illness
among the colder ones, indifference of some of the younger
ones.

RESULTS

The reading of 3070 radiographs allowed us to detect not only
new cases of pneumoconiosis but also other thoracic diseases
which required the following complementary explorations:

1056 clinical check-ups
944 explorations of the respiratory function
72 blood gas analysis
1056 electrocardiograms
223 sputumn bacteriological analysis

The 3070 read chest X-rays revealed:

1463 subnormal radiographs

514 opacities sequelae of prior diseases

315 non pneumoconiotic thoracic affections
741 new cases of characterized pneumoconiosis

Subnormal Radiographs: {(48%)

Strictly speaking we didn’t find any absolutely normal X-ray,
which is by no means surprising if we consider the average
age and the professtonal anammesis of the studied population.

The subnormal X-rays consisted of; either an increase of linear

shadows of the lungs; smal calfications, sequelae of tuber-
culosis, or a certain degree of fibrosis isolated or associated
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Figure 1. Pneumoconiosis: new diagnoses, northern coal fields of France.

to some fine round opacities.

These data may raise some difficulties of interpretation when
dealing with aged people. Is pulmonary fibrosis induced by
chronic bronchitis, heavy smoking habits, by the long past of
dust exposure, or by an intrication of these various factors?

Opacities Sequelae of Prior-diseases (17%)
1. Sequelae of tuberculosis (184 cases)

In 25% of these cases considerable mutilations were ob-
served from therapeutic procedures anterior to the era of
the antibiotics (artificial pneumothorax, lobectomy,
thoracoplasty . . .) with severe failure of the respiratory
function in some cases. In the other cases lesser lesions
were observed making the diagnosis somehow difficult
when associated with some fine opacities.

2. Sequelae of pleural affections: 308 cases

3. Sequelae of broncho-pneumonic diseases and thoracic
traumas: 36 cases.
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Evolutive Non Pneumoconiotic Thoracic Diseases:
{(11%)
* tuberculosis (5 cases)
* cardio vascular affections (174 cases)
® scleroemphysema (110 cases)
» aspergilloma (1 case) -
® lung-carcinomas (16 cases)
Primary cancer of the lung of epidermoid type (8 cases),
of anaplasic type (3 cases); adenocarcinoma (1 case).

Secondary cancers of the lung (4 cases).

Table I shows that we found 741 new cases of pneumoconiosis,
which represents 24% of the examined population.

1. Percentages of new diagnosis by age groups (Figure 3):
The percentage is above the average for the groups of age
50 10 54 and 55 to 59. The rate of diagnosis notably
decreases from the age of 70.

2. Percentage of new diagnosis in relation with the duration
of the dust exposure. On Figure 4, it appears that
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Figure 2. Percentage of non participation in each invited age group.

pneumoconiosis is rarely diagnosed when the dust exposure
has been less than 10 years in duration.

3. Smoking habits and delayed cases of pneumoconiosis.
Among the 741 new cases we found:

237 non-smokers (32%);
90 ex-smokers (12%);
414 smokers {56%).

We note that two thirds of the new cases concern smokers
or ex-smokers, a proportion of smoking habits roughly
equal to that of the general male population.

4. The reading of the 741 radiographs of new cases accord-
ing to the LL.O. classification of 1980 (Table IT). We used
the complete classification for the parenchymal opacities,
the short one for the pleural changes.

a. Parenchymal abnormalities consistent with pneumo-
coniosis. It must be emphasized that interpretation ap-
pears often difficult when dealing with aged miners.

b. Small opacities: as for their profusion in most of cases
there are classified category 1.

¢. With regard to their shape and size: p and g, when
predominant, represent 98% of the cases.

d. The irregular opacities (s, t, u) more often seen among
the older miners, are, as a rule, associated with round
opacities.

The large opacities account for 10% of the new cases. Six out
of the 72 cases required long course oxygenotherapy after

blood analysis had been performed. All cases represented a
dust exposure supericr to 20 years.

Other radiological data recorded: 53 Ax (coalescence of small
opacities), 51 em (emphysema) 5 es (egg shell), 50 tb (se-
quelae of tuberculosis), 46 co (abnormality of the heart
silhouette), 22 hi (hilar enlargement}, 1 di (distortion of the
intra-thoracic organs). Pleural thickening (Pt) was noted on-
ly in 13% of cases, such a change being relatively uncommon
in coalminer’s ppeumoconiosis.
To sum up, using the short classification, we found the follow-
ing repartition:

a. category 1 (69% of the 741 new cases);

b. category 2 (21%)

c. progressive massive fibrosis (PMF) 10%.

Table 1
Pneumoconiosis

AMONG 3070 CHEST X RAYS

NEW CASES OF PNEUMOCONIOSIS : 741

24 % OF THE EXAMINED POPULATION
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Table II

New Cases of Pneomoconiosis: 741
The Reading of the Radiographs According to the
ILO Classification 1980

SMALL OPACITIES

PROFOSION 171 1/2 271 272 2/3 3/2 3/3 3+
NUMBER
279 256 107 57 22 14 3 3
OF CASES
SHAPE AND SIZE OF S ~-T
P Q R o

PREDCMINANT OPACITIES

NUMBER OF CASES 75 618 33 15

LARGE OPACITIES

Y
l ! ALL
SHADOWS | a B c
] SHADOWS
i i
NUMBER OF CASES 1 48 23 1 72
i ] '.
OTHER SYMBOLS
1 ax | En ES | PT TB co HI | DI
NUMBER
53 51 5 99 50 46 22 1
OF CASES ;

983



Surveillance/Screening/Health Reviews IT

As an illustration we here present two cases of evident delayed
development of pneumoconiosis:

Case No. 1. This 76 year old miner retired 26 years ago after
32 years of exposure to dust. You can see on the left a sub-
normal radiograph at the time he ceased his work, on the right
the radiograph taken in 1983 showing evidence of
PHeumoconiosis.

Case No. 2. This 66 year old ex-miner, retired 24 years ago
after 25 years of dust exposure, with no evidence of
pneumoconiosis on X-ray; in 1983, pneumoconiosis is ob-
vious on the radiograph.

From our experience, we should like to emphasize the follow-

ing points:

1. When dealing with aged ex-miners a good quality of the
radiograph as well as an experimented reader physician
are equally required.

2. Chest X-ray should be systematically made at the time of

retirement to allow a better further evaluation of a delayed
pneumoconiosis.

3. At the time of the screening some data of the personal
medical work file, former diseases and psychological
status particularly, should be taken into consideration in
order to foresee some peculiar reactions after a long
delayed pneumoconiosis has been diagnosed. In some
cases, a supportive psychotherapy may be indicated. As
a converse reaction, a 90 year old ex-miner, with a good

sense of humour, once declared that from now on with the
money of compensation, he could afford a call girl!

CONCLUSION

As a rule our ex-miners have appreciated being offered the
possibility of such a post-professional check-up performed by
the physicians of the familiar medical center of their coal mine.

From a medical view point that large scaled screening cam-
paign is judged positive since it led to the diagnosis of some
non-professional affections in addition tc an appreciable
number of cases of iong delayed pneumoconiosis.

Most of those long delayed pneumoconiosis are radiologically
characterized by small opacities of profusion 1 and 2.

The opportunity of such screening campaign may be ques-
tionable when dust exposure has lasted less than 10 years or
when dealing with old ex-miners over the age of 70.

Finally, the experience of that large scale screening has com-
forted us in the opinion that the post professional survey ap-
pears more and more founded in our industry. Coal miner’s
pneumoconiosis, owing to a more efficient technological and
medical prevention has become nowadays a disease of delayed
apparition and that epidemiological evolution all the meore
justifies the post professional survey of our coal miners.
Following the French governmental recommendations in that
matter, the medical service of our coal mines gets now more
and more engaged in the working up of an adapted post-
professional medical follow-up for all our ex-miners.
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PREVALENCE OF SILICOSIS AMONG CERAMIC INDUSTRIES
WORKERS IN THE CITY OF PEDREIRA, BRAZIL

JOSE INACIO DE OLIVEIRA et at.

DMPS/ASO. FCM/UNICAMP—Campinas, Brazil

ABSTRACT

Due to the onset of several cases of silicosis in the last few years in a small community in the State of Sao
Paulo, where ceramic industry is a major economical activity, an epidemiological survey of all exposed workers
has been carried out, in order to assess the magnitude of the problem and to establish a comprehensive pro-
gramme of control.

Among nearly 4,000 workers submitted to chest X-rays, from fifty industries, 150 cases of silicosis were
detected.

At this time, these cases can be described following some epidemioiogical characteristics such as age groups,
sex, race, occupational history and time of suspected exposure, as well as the results of screening spirometries.

No Paper provided.
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MULTIPLE CAUSE-OF-DEATH DATA IN PNEUMOCONIOSIS
SURVEILLANCE AND RESEARCH

L. WIDEROFF ¢ D.O. Hryhorczuk + J. Holden
Cook County Hospital Department of Occupational Medicine, Chicago, Illinois, USA

ABSTRACT

Multiple cause of mortality data from Illinois were examined to 1) determine the degree of under-reporting
in pneumoconiosis vital statistics based on underlying cause at death and, 2) explore the prevalence at death
of diseases associated with pneumoconiosis. Five-year multiple and underlying cause of mortality rates of
white males were compared at the state and county levels. A matrix was constructed to show the frequency
of concurrent diseases.

From 1979-1984, the percentage of cases in whom pneurnoconiosis was reported as the underlying cause of
death was 29% for CWP, 22 % for asbestosis and 55 % for silicosis. State rates which included pneumoconiosis
as a contributory cause in the numerator were thus 73%, 78% and 46% higher than underlying cause rates.
There was a statistically significant geographical difference (p .05) by county in the proportion of CWP cases
reported as underlying cause. In the multiple cause analysis, lung cancer was reported in 38 % of the asbestosis
cases and tuberculosis in 4% of silicotics. One or more forms of COPD were found in 30% of CWP cases.
While the concurrence of these diseases is well known, the analysis of multiple cause-of-death data promises
new areas for hypothesis generation in pneumoconiosis research. For surveillance purposes, time trends and
geographical patterns of co-existing diseases can be monitored. In addition, vital statistics based on multiple
cause data more accurately quantify pneumoconiosis mortality, independent of the role which the certifying
physician assigns the disease in the causal sequence leading to death.

No Paper provided.

986



Surveillance/Screening/Health Reviews II

NATIONAL SURVEY OF PNEUMOCONIOSIS SUPERVISION IN JAPAN
YOSHIHARU AIZAWA, M.D. * Tsutomu Takata, M.D. ¢ Keizo Chiyotani,* M.D.

Kitasato University School of Medicine, Kanagawa, Japan
*Rosai Hospital for Silicosis, Tochigi, Japan

INTRODUCTION

Though there are indications of recent decrease in occupa-
tional hazards in Japan, pneumoconiosis still remains quite
prevalent.

The radiograph and the statement certifying the results of
pneumoconiosis examination are submitted to the Chief of the
Prefectural Labour Standards Office if a worker is diagnosed
as having signs of pneumnocomniosis on the chest radiograph.
The mode of pneumoconiosis supervision is determined by
the Chief of the Prefectural Labour Standards Office and is
based on the assessment of the Prefectural Pneumoconiosis
Examination Physician.

Pneumoconiosis statistics are annually issued from the
Ministry of Labour.! They are based on data collected from
each Prefectural Labour Standards Office throughout the
country. However, the various modes of pneumoconiosis
supervision remain to be established in regard to certain
details. The present study, extending from April 1, 1985 to
March 31, 1986, was carried out for this purpose.

MATERIALS AND METHODS

Examination and Supervision of Pneumoconiosis
Employers periodically have pneumoconiosis examinations
conducted for workers exposed to dust. Workers engaged in
the past in dust work may undergo such an examination if they
so desire.

Pneumoconiosis examination under the provisions of the
Preumoconiosis Law or administered by Ministry of Labour
Ordinance consists in obtaining occupational history related
to dust work, a radiograph, clinical chest examination, ex-
amination for complications and pulmonary function tests.

Chest radiographs are classified according to the Japanese
Classification of Radiographs of Pneumoconiosis.
Radiographic appearances are classified into one of six
categories (PR1 to PR4C). When pneumoconiotic signs are
detected, clinical examination of chest and pulmonary func-
tion tests are conducted.

Pulmonary function tests consist in conducting spirometry,
obtaining flow volume curve and making blood gas analysis
if necessary. Percent vital capacity (% VC) normalized by the
regression equation of Baldwin,? forced expiratory volume
in one second (FEV1%), maximal expiratory flow at 25%
FEV over height (V25/Ht) and alveolar-arterial oxygen

pressure difference (AaDO?2) each has a standard value as the
basis for evaluating pulmonary dysfunction. The absence of
pulmonary dysfunction is indicated by F(-), requirement for
blood gas analysis as F{+) and a considerable degree of
pulmonary dysfunction as F(++).

Workers who are presently or have been engaged in dust work
are given health supervision. There are four modes of super-
vision. No. 1 is for the persons considered unaffected by
pneumoconiosis while No. 4 is for persons whose
radiographic appearances correspond to category 4 (limited
to those with opacities larger than one-third the lung ficld,
PR4C), or persons whose radiographic appearances corres-
pond to Category 1, 2, 3 or 4 (limited to those with opacities
smaller than one-third the lung field, PR4A and 4B) and who
have considerable pulmonary dysfunction due to
pneumoconiosis.

The No. 2 supervision requires reduction of exposure to dust,
Nos. 3A and 3B require change of work. The No. 4 involves
medical treatment which is also administered to persons suf-
fering from complications.

Subjects

Copies of 44,531 statements of the results of pneumoconiosis
examination were sent to us from 47 Prefectural Labour Stan-
dards Offices. 1,048 statements, not adequately documented,
were excluded from those of the subjects analyzed. The copies
of 43,483 statements indicated age, sex, mode of supervision,
category of chest radiograph, complications, pulmonary
dysfunction, history of dust work, symptoms and signs.

Methods

Nine members of the committee, headed by Dr. Keizo
Chiyotani, carried out the present study. All data obtained
were processed and analyzed by an IBM4341 computer
operated in conjunction with SAS at the Kitasato University
Computer Center.

RESULTS

Background of Subjects

Age distribution. The ages of 43,483 subjects ranged from 15
to 97 years with the mean and standard deviation being 50.1
and 8.4 years, respectively. 95.1% and 4.9% of the subjects
were men and women respectively, whose age means and
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standard deviations were 499 + 8.5 and 55.2 £ 7.6
respectively.

40,679 persons were required to take the examination as op-
posed to 2,804 persons who volunteered for the examination.
The mear age of those who took the periodical examination
was 49.5, which was less than 59.1 of those who requested it.

Dust work. The types of main dust work were welding
21.9%), excavation (17.6%) and pottery manufacture
(16.4%). A person’s work was considered that in which he
or she had been engaged for the longest time.

Mode of Supervision

General picture. Eight percent (3,483) of submitted cases was
diagnosed as negative for pneumoconiosis according to the
chest radiograph (No. 1 supervision). No. 2 supervision was
found most frequently (74.7%), followed by No. 3A (11.4%),
No. 3B {(4.6%) and No. 4 (1.3%).

Mode of supervision according to age groups. Nearly all the
persons m the age groups younger than 30 were classed as No.
1 or No. 2 supervision as shown in Figure 1. The percentage
of No. 2 supervision was less in the older age groups, being
39.1% in the 70-or-older age group, while 80.5% in the 30-39

age group. Older age groups showed requirement for Nos.3A,
3B and 4 modes of supervision than younger age groups.

Mode of supervision according to type of examinee. T1.9%
of 40,679 persons who underwent periodical examinations
were classed as No. 2 supervision as shown in Figure 2. The
percentages of Nos. 2, 3A and 3B were almost equal in 2,804
volunteers,

Mode of supervision according to the type of dust work. The
No. 2 mode was most frequent (83.5 %) while No. 3B (0.5%)
and No. 4 (0.2%) were rarely applicable among welders.
Essentially the same modes were found applicable to foun-
dry workers, grinding workers, refinery workers and glass
workers.

The No. 2 mode was most frequent (57.3%), with Nos. 3A
(19.1%), 3B (11.8%), 4 (4.9%) being somewhat less among
excavators. Pottery makers and stonemasons required essen-
tially the same modes of supervision.

Workers exposed to carbon, asbestos and cement indicated
intermediate between welders and excavators.

Method for determining applicability of the No. 4 supervision
mode. There were 562 persons classed as No. 4 supervision
modes based onr the considerable degree of pulmonary
dysfunction (79.9%) and of PR4C (20.1%). Those evaluated
as F(++) constituted about 75% the age groups younger than
60, and about 85% the 60-or-older age groups as shown in

Figure 3.

Among those undergoing periodic examinations, 74 persons
were classed as No. 4 based on the considerable pulmonary
dysfunction (64.9%) and PR4C (35.1%). Of the 488 persons
who volunteered for those examinations, 82.2% were classed
as No. 4 owing to considerable pulmonary dysfunction.
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Figure 1. Modes of supervision according to age groups.
Numbers in parentheses represent number of per-
sons. Numbers in columns represent percentages
of respective modes of supervision in each group.

supervision No1 2 3A is 4

Figure 2. Modes of supervision according to type of ex-
aminee. Numbers in parentheses represent number
of persops. Numbers in columns represent percent-
ages of respective modes of supervision in each
type of examinee.
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Figure 3. Basis for evaluation of No. 4 supervision modes
according to age groups. Numbers in parentheses
represent number of persons in each group.
Numbers in columns represent percentages of
respective bases for deciding on No. 4 supervision.

Complications

816 persons were diagnosed as having one or two complica-
tions. The 826 diseases afflicting the subjects were comprised
of secondary bronchitis (47.3%), pulmonary tuberculosis
(45.0%), pneumothorax (3.6 %), tuberculous pleuritis (2.7%)
and bronchiectasis {1.3%). Mean age of persons with com-
plications was 59.3, compared to 50.0 for persons without
complications.

Chest Radiographs

PR1 was found most frequently (74.8%), followed by PR2
(11.8%), PRO (8.0%), PR3 (2.1%), PR4A (1.8%),PR4B
(1.2%) and PR4C (0.3%). In the age groups younger than 30,
PRO and PR1 were applicable to nearly all persons. The
percentage of PR1 was less in older age groups, such as 39.9%
in the 70-or-older age group compared to 80.5% for the 30-39
age group. PR2, PR3 and PR4 were more frequent in older
than younger age groups.

Pulmonary Dysfunction

Pulmonary function tests were conducted for 40,604 persons
not diagnosed as having PR4C or any complications. 74.7%
was assessed as F(-), 24.1% as F(+), 1.2% as F(++). F(++)
was observed in 14.5% of persons 70 or older, while only in
0.1% of the 30-39 age group.

A considerable depression in % VC or FEV1% was noted in
58.5% of persons assessed as F(++). A considerable depres-
sion in V25/Ht and a considerable elevation in AaDO2 was
noted in 36.5% and 5.2% respectively of persons thus
assessed.

Surveillance/Screening/Health Reviews II

DISCUSSION

Surveys of pneumoconiosis in Japan and other countries have
already been reported.>-7 However, these reports are limited
to certain medical facilities, 57 areas,* and dust works.? Sim-
ple statistics of classification of pneumoconiosis are published
annually by the Ministry of Labour. ! This paper presents the
first detailed study on the supervision of pneumoconiosis
throughout the Japanese population.

The subjects studied were persons engaged, either presently
or at some time in the past, in dust work and suspected of
poeumoconiosis from their chest radiographs. A total of 3,483
persons (8%) were considered to have no indication of
pneumoconiosis based on radiographs according to the Chief
of Prefectural Labour Standards Office. There were thus
40,000 among 260,629 examinees (15.3%) with
pneumoconiotic symptoms according to their radiographs.
Since persons with negative pneumoconiotic signs on their
radiographs are examined for this disorder once every three
years, the prevalence rate may be calculated by dividing
40,000 by 589,758 persons engaged in dust work (6.8%).

The No. 4 mode of supervision requiring medical treatment
was found applicable to 1.3% (562 persons) of all the subjects.
It frequently applied to elderly persons and those who
volunteered for the examination. The percentages of this mode
were more than 1% in excavators, stonemasons, asbestos
workers and cement workers.

In pumerous cases, pulmonary dysfunction was the major
basis for deciding on this mode. This was especially so for
elderly persons and those who volunteered for the examina-
tion. Pronounced pulmonary dysfunction was mainly at-
tributed to depression of %VC or FEV1%, with depression
of V25/Ht rating as the second causative factor.

More than 90% of diseases causing complications were
secondary bronchitis and pulmonary tuberculosis. The mean
age of persons with complications was higher than that of per-
sons without complications.
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AN HISTORICAL REVIEW OF AIRBORNE COAL DUST LEVELS
AND THE PREVALENCE OF OCCUPATIONAL LUNG DISEASE
IN NEW SOUTH WALES COAL MINES 1948-1988

DR. ROBERT GRIFFITS, M.B.B.S., F.A.C.O.M.

Senior QOccupational Physician, Joint Coal Board, Newcastle, New South Wales, Australia

INTRODUCTION

There has been a dramatic reduction in the prevalence of Oc-
cupational Lung Disease in New South Wales coal miners
following an intensive preventative program commenced by
the Joint Coal Board in 1948.

At that time 16% of the 17,204 miners employed in the in-
dustry had radiological evidence of pneurnoconiosis and 33 %
had clinical evidence of chronic bronchitis. Most of the 14.8
million tons of coal produced in 1947 was won by hand min-
ing techniques. Ventilation was generally poor and airborne
dust counts were high. Particle counts as high as 20,000 par-
ticles per cubic centimetre (p.p.c.c.) were recorded in the most
dusty operations.

Mining methods have changed comsiderably since 1948.
Widespread mechanization was introduced during the 1950’s.
Cutting and boring machines were introduced first and in turn
gave way to the use of continuous miners.

method of coal extraction today, although longwall mining and
open cut mining has been assuming increasing prominence
during the past decade. The industry currently employs 16,731
persons and in 1987/88 76.3 million tons of coal was pro-
duced. Open cut mining was respoasible for 41.4% of coal
production, and the output from longwall mining increased
significantly to account for 18.7% of total production.

Today only 1% of mineworkers have pneumoconiosis. There
are only eight cases of I. L.Q. Category Two Pneumoconiosis
or greater in the workforce. Progressive Massive Pulmonary
Fibrosis (P.M.F.) is an historical curiosity. The prevalence
of Chronic Bronchitis has dropped to 12%.

Most mines (even the majority of the longwalls) comply with
the current 3 mgm/m? gravimetric standard.

GEOGRAPHY

Most coal mining in Australia occurs in the states of
Queensland and New South Wales on the east coast. Similar
annual tonnages are produced in each state.

In New South Wales mining is principally located in four main
areas: the Northern District around Newcastle, the North
Western District near Singleton, the Southern District in the
vicinity of Wollongong and Camden and in the Western
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District around Lithgow. Most open cut mining occurs in the
North Western District. Longwall mining is progressively be-
ing introduced in all districts.

PREVENTION AND MONITORING PROGRAM

In 1939, a Royal Commission conducted by Mr Justice David-
son inquired into the safety and health of workers in coal
mines. Regulations to control dust levels were developed
following the Commission, but they were not proclaimed until
1943.

In 1945 a second Royal Commission was held. The Commis-
sioner asked Drs. Cilento and Murray and Mines Inspector
Brewster to conduct a National Survey of the health of coal
miners. One of the main recommendations of their report was
the setting up of a medical scheme to allow chest X-ray and
clinical examinations of ali entrants to the industry. Similar
periodic tests at two to three yearly intervals were also recom-
mended for all working miners as a check for the incidence
of industrial discase.

A major outcome of the 1945 Royal Commission was the
establishment of the Joint Coal Board in 1946, which was
given wide statutory powers to control, regulate and assist the
coal mining industry. Included was the power to supervise and
promote health, with provision to regulate the conditions in
the industry with respect to the enforcement of measures for
the abatement of dust in mines.

The Board established four Medical Bureaus in 1948 in the
chief coal mining centres of Wollongong, Newcastle,
Cessnock and Lithgow. A pathology laboratory to study post
mortem lung and heart specimens from deceased coal workers
was established at the Board’s Newcastle Bureau in 1950.

The medical examinations performed by the Board’s Medical
Officers included the taking of occupational and general
medical history, a physical examination and chest X-ray ex-
amination. Spirometry was added at a later date.

A comprehensive medical rescarch program was commenced
utilizing the post mortem preparations and data obtained dur-
ing the medical examinations.

The first Pneumoconiosis Prevalence Study in New South
Wales was conducted in 1948. A 10% sample of the 17,200
workforce was assessed. 16% of workers were found to have



pneumocoeniosis, 4.5% had Category Two or worse, 0.7%
had P.M_.F. The majority of cases were found in the Western
and Southern Districts. There were fewer cases of
pneumoconiosis in the Northern District even though many
more men worked in this district. This was consistent with
the higher coal dust counts that were continually recorded in
the Southern and Western Districts.

Dust sampling was first introduced in New South Wales coal
mines in the mid 1930’s. Early dust results varied widely be-
tween different collieries and with different activities within
the same mine, largely reflecting differences in ventilation,
watering and stone dusting practices.

Processes such as holing, picking down coal, filling skips and
shot firing resulted in the production of large amounts of dust.
In badly ventilated places dust exposure could be massive.
Results following shot firing in one badly ventilated mine
revealed a dust count of 20,000 p.p.c.c. one minute after a
shot was fired, dropping to 15,000 p.p.c.c. after a further
three minutes. In a better ventilated mine where the coal had
been previously stone dusted and watered, a particle count of
144 p.p.c.c. was recorded one minute after the shot was fired.

Dust counts associated with the filling of skips varied, depend-
ing on ventilation, between 306 and 900 p.p.c.c. The average
dust exposure on wheeling roads when skips were moved was
400 p.p.c.c. At certain positions in surface screening plants,
counts as high as 15,000 p.p.c.c. were recorded.

In 1943 a “‘Permissible Airborne Dust Standard’™ of 700
p-p.c.c. in the 0-10 micron size incorpoerated into the Coal
Mines Regulation Act of New South Wales. The Owens Dust
Pump was the designated measuring instrument.

Following the advent at the Joint Coal Board and its engineer-
ing services in 1948, intensive periodic dust sampling was in-
troduced into the industry. The Board decided soon after its
establishment that all necessary engineering measures for the
physical suppression of dust in mines would be undertaken.
The most important measures identified were efficient face
ventilation, wet cutting and wet loading, the application of
water infusion in particularly dry seams and effective road-
way consolidation. The Board encouraged the introduction of
mechanization.

By 1955, 6.7% of coal production was mechanized and con-
trol measures were recorded as satisfactory in 99.2% of work
places.

In 1954, the Board established a Standing Commiittee on Dust
Research, which comprises representatives of colliery pro-
prietors, mining unions, Government departments and
medical and engineering personnel from the Board. The main
roles of the committee were to: monitor the results of dust
sampling; evaluate dust hazards; research improved dust con-
trol methods; disseminate information; and educate mine
workers in matters related to dust control.

In 1957, a new Dust Standard was proclaimed. The upper limit
of the size range was reduced to 5 microns and the maximum
permissible limits were varied, depending on the free silica
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content of the material being worked. The maximurm permissi-
ble standard now became 700 p.p.c.c. for less than 10% free
silica; 600 p.p.c.c. with 10-20% free silica, through a scale
down to 200 p.p.c.c. with more than 50% free silica.

Average dust counts recorded for the four districts during the
period January 1957 to December 1959 were as follows:

Cessnock 142 p.p.c.c
Newcastle 151 p.p.c.c
West 178 p.p.c.c
South 267 p.p.c.c

The Pneumoconiosis Prevalence Study of the three year period
1957-60 indicated that the prevalence of pneumoconiosis
(I1.L.0. Category > 1/0) had dropped to 3.6%. 385 of the
12,518 examined had pneumoconiosis; 116 men had
pneumoconiosis X-ray Category Two or worse. There were
three cases of P.M.F. Prevalence rates continued to fall.

The 196363 prevalence study indicated that 3% of the min-
ing population had pneumoconiosis, 0.4% (28 men) had
Category Two or worse disease and P.M.F. had become
non-existent.

In 1967, the Dust Standing was again amended, following
medical advice that particles less than one micron in size were
relatively unimportant. Only particles in the 1-5 micron size
were to be measured. The standard was amended to:

175 p.p.c.c. with less than 10% free silica
150 p.p.c.c. with 10-20% free silica
100 p.p.c.c. with 20-30% free silica

75 p.p-c.c. with 40-50% free silica

50 p.p.c.c. with 50% or more free silica

Continuing improvements in ventilation and dust suppression
resulted in further lowering of average dust counts and reduc-
tien in the prevalence of pneumoconiosis (see Tables I and IT).

By 1982, the average particle count had dropped to 46 p.p.c.c.
in the Cessnock/Newcastle District, 105 p.p.c.c. in the
‘Western District and 109 p.p.c.c in the Southern District. The
prevalence of pneumoconiosis 1.L.OQ. Category I or greater
had fallen to 1.5%, the prevalence of Category 2 or worse was
now 0.04% . 12.8% of mineworkers and Chronic Bronchitis.

In 1984, particle counting was superseded by the introduc-
tion of personal gravimetric sampling. The regulations
specified a limit of 3 mgm of respirable dust/m? for dust
other than quartz-containing dust. (Quartz containing dust is
that dust which contains a quantity of quartz greater than 20%
mass of the total sample taken.)

Five members of each production crew on all production shifis
are sampled. Longwall production units are sampled at inter-
vals not exceeding six months. Continuous miner units, sur-
face and outbye areas of underground mines and hazardous
areas in open: cut mines are sampled at intervals not exceeding
twelve months.

The personal monitoring equipment that has been adopted is
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lightweight with a battery operated pump carried on the per-
son and incorporates a plastic tube from the pump to the
cyclone which is fitted within a forward facing hemisphere
of 300mm of the wearers mouth/nose.

If any sample exceeds the maximum allowable limit of 3.0
mgm/m® a resample must be taken within seven working
days in similar circumstances to those existing when the sam-
ple was collected. The manager may be directed to carry out
additional dust suppression procedures and sampling shall
continue at appropriate intervals until satisfactory dust con-

trol modifications have been incorporated.

CURRENT SITUATION

The dust suppression results achieved in New South Wales
have resulted in the virtual elimination of coal miners
pneumoconiosis from the industry. Most continuous miner
and longwall units comply with the new gravimetric standard
(see Table IIT). Difficulties however are being experienced
on some longwall faces in meeting the standard. In these situa-
tions personal respiratory protection is being used whilst

Table 1
Average Particle Counts (p.p.c.c.)
DISTRICT 1957/59 1962/63 | 1967/68 | 1973/74 | 1975/76 { 1981/82
| } I
Cessnock | 142 | 104 | 49 : 76 i 61 : 46
|
| I ]
Newcastle | 151 | 149 [ 56 I 34 ! 39 i 46
|
| I |
West | 178 | 140 | 60 | 98 | 9% i 105
| I
| | I
South | 267 | 266 | 100 | 121 | 124 | 109
| | | | ] |
Table I
Changes in the Prevalence of Pneumoconiosis, Chronic Bronchitis and
Obstructive Chronic Bronchitis with Time
| | I | | |
|__1984 | 57-60 | 63-65 | 71-74 | 77-80 | 80-83
Pneumoconiosis: | I } I | ]
| | ! I I
1ILO > 1/0 | 16.02 | 3.6z | 3.0z | 3.0z | 2.0 | 1.7%
| [ | I I |
Category 2 or worse | 4.52 | 1,02 | 0.42 | 0.132] 0.06%7] 0.04%
] | | | [ f
[ [ | I I I
Chronic Bronchitis ! | | | | |
I | | I I I
All cases | 33.02 | -~ | 21.02 | 17.6% | 13.6% | 12.8%
I ! ! | | I
Obstructive C.B. | 9.0 | - | 6.0% } 7.22 | 3.32 | 2.8%
| I | | | |
Smokers | - | = | 62,02 | 72.0% | 67.0% | 63.0%
| { | ! I [
Z Workforce examined | 10.0Z | 85.0% | 60.0Z | 96.0% {100.0Z 100,02
] | I ] | I
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Table I

Maximum Dust Concentrations*
September 1987-July 1988

[ [ [
Respirable I Longwall || Other Underground || Surface
Dust Concentration || [ Cumulative [] | Cumulative |[! | Cumulative
ng/m3 I| No | Prequency || No | Frequency || No | Frequency
| | z [ | Z | | | Z
P [ I i [ |
0-1 o= - 11 25 | 20 il 43 1 72.8
| | |l | [ |
1 -2 Il 26 | 26 [l 64 | 71 [} 10 | 89.8
I | I [ |1 !
2 -3 [| 35 l 61 Il 23 } 89.6 1} 4 } 96.6
I
3 -4 1119 | 80 1 8 | 96 (1 -1 96.6
P I |1 I I I
4 - 5 11 8 | 88 13 | 98.4 [l -1 96.6
I ! | f [ I !
5 -6 2 | 90 o 98.4 Il -1 96.6
[ | [ I i |
6 - 7 [ 3 | 93 [ 2 | 100 Il -1 96.6
11 I 11 | |1 |
7 -8 1 2 | 95 I - 1 100 [T 11 98.3
b ] l I I |
8 -9 2 | 97 S| 100 ! -1 98.3
[ ! [ ! N I
9 - 10 M1 | 98 I - 1 100 11 11 100
I | Il I |l |
10 - 11 11 2 | 100 M - 1 100 [ -1 100
| | 11 | I I

*# Maximum reading of each set of 5 samples taken on each shift monitored.

further engineering measures are being developed. Although
the reduction in the prevalence of pneumoconiosis has been
outstanding this should not lead to complacency. Approprizate
dust monitoring and medical surveillance should be
maintained.

It is no longer appropriate to perform chest X-ray examina-
tions at 2 to 3 year intervals given the low prevalence of
occupational lung disease. The frequency of chest X-ray ex-
aminations will in future be determined by the results of
gravimetric sampling. Personal gravimetric sampling will
provide more meaningful assessment of dust related health
risk.
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REPORT ON THE “INTERNATIONAL SYMPOSIUM ON
PNEUMOCONIOSES” IN SHENYANG, CHINA, 30 MAY-2 JUNE 1988

H. IDEL,* P.D. Dr. * K. Robock,t Prof. Dr. * H.-W, Schlipkoter,i Prof. h.c. Dr.

*Institut fur Hygiene, Universitat Dusseldorf, FRG
1Bergbau-Forschung GmbH, Essen, FRG

$Med. Institut fur Umwelthygiene an der Universitat, Dusseldorf, FRG

The first symposium on pneumoconioses to be held in China
was organized by the Institute of Occupational Medicine,
Chinese Academy of Preventive Medicine, Beijing, China
(Professor Li), the Shenyang Research Institute of Industrial
Hygiene and Occupational Diseases, Shenyang, China (Pro-
fessor Zhao), and the Medical Institute of Environmental
Hygiene at the University of Dusseldorf, West Germany
{Professor Schlipkoter). Of the 150 participants attending,
127 came from 20 different provinces in the People’s Republic
of China, and 23 came from 8 European countries, the USA,
Japan and the WHO. A total of 74 read papers and 34 poster
papets were given, on the following subject areas:

® Technology of Dust Prevention and Dust Measurement
* Epidemiology

¢ Etiopathogenesis and Pathology of Pneumoconioses

= Diagnosis

® Therapy.

On the first of these subject areas, reports were given of the
results of person-related dust exposure measurements to sup-
plement stationary dust measurements in order to get a bet-
ter view of the personal dust exposure, which can vary very
widely. The measurement strategies used in the European
countries and in the USA were described and discussed, i.e.
the frequency and location of gravimetric sampling and the
techniques and different types of equipment used for taking
the samples, including tyndatlometer methods for measuring
dust concentration. The basis used here remains the Johan-
nesburg Convention and the ISO definition for measuring and
assessing respirable (alveole-penetrating) dust, as was also
clear from findings reported here from animal trials. The
measurement of inhalable total dust (with particle sizes up to
over 100 gm aerodynamic diameter) as practised hitherto in
China and the gravimetric measurement of asbestos dust at
workplaces were critically discussed. The problems of
measuring the quartz content as a guide parameter of the
fibrogenic risk of different dusts were discussed, and the im-
portance of the surface properties and lattice structure prop-
erties of the quartz or dust particles was pointed out. Detailed
reports were also given on measurement of welding fumes,
on engineering methods of controlling dust in coal mines, and
on person-related dust protection methods.

On the second of these subject areas, papers were read and
discussed on epidemiological studies in coal mines, in the
asbestos industry, and in workers exposed to flax dust and to
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welding fumes, and on the incidence and development over
time of silicosis, asbestosis, lung cancer, mesotheliomas and
allergic disorders. One of the objectives in China is to establish
permissible limit values for various substances and to adopt
internationally recognized measurement methods, in order to
be able to make international comparisons of epidemiological
findings. By applying dust control methods, and also in par-
ticular by treating cases of tuberculosis, it has been possible
in, e.g., the tungsten mining industry to prolong average life
from 36 years (1956) to 58 years (1987) in cases of silicosis
or silicosis/tuberculosis.

On the next subject area, the aetiopathogenesis and pathology
of pneumoconioses, the importance of the particle deposition
and particle clearance rates for the aetiology of
preumoconiosis were noted. Also the bronchoalveolar lavage
(BAL) was emphasized as an important parameter for assess-
ing the course of 2 pneumoconiosis. Here, important factors
are the total number of lymphocytes, the ratio of the individual
lymphocyte populations, and evidence of mediators. In ad-
dition to the BAL findings, reports were given of serological
changes occurring in silicosis, some of which affect humoral
defences or are of interest as autoimmune phenomena:
elevated levels of coeruplasmin, fibronectin, interleukin 1,
phospholipids and complement complex C3, and also of
lysozyme, angiotensin-converting enzymes, circulating im-
mune complexes and anti-nuclear antibodies. These
serological changes can be almost completely inhibited by ad-
ministering silicosis-effective substances such as PVNO and
Tetrandrin.

As special histological characteristics of silicosis, attention
was drawn not only to the criteria already mentioned but also
to the deposition of collagen types I & IIl and fibrinonectin
as markers for the fibrotic process, and to multiplication of
collagen type IV and laminine as indicators of blood vessel
proliferation. Reports were given of studies on the use of
(compressed-air) gun-placed concrete at high pressure in tun-
nel building and the effects—especially of the quick-setting
additives used—in animal trials.

In the subject area of diagnosis of pneumoconioses,
parameters suitable for early diagnosis of asbestosis were
reported: bibasal crepitation as an indicator for alveolitis,
siderocytes in the sputum, and presence of asbestos bodies and
fibres as indicators of exposure. The reduced elasticity of the
lung due to interlobar and perivascular fibrosis causes



disorders of lung perfusion and thus a restrictive insufficien-
cy of ventilation with reduced gas exchange, even in the
earliest phase of the disecase. A computer aided system of
classifying pneumoconioses was also described, and the
benefits of computer radiography and computer tomography
were described in detail. The importance of studies which col-
lect data on miners starting before they ever go underground
was emphasized, so that early and also short-term effects can
be detected. Regarding X-ray diagnosis of pneumoconioses
in China, it is important to note that from 1986 onwards,
Chinese X-ray diagnosis complies with the [LO classification
of 1980.

On the subject area of therapy, several authors reported on
successes with inhalation and injection therapy with poly-
vinylpyridine-N-oxide (PVNO) in silicosis patients. Chinese
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participants presented clinical trials on also additionally ad-
ministering derivatives of Piperaquin and aluminium, cover-
ing more than 3000 cases treated. In vitro studies have shown
that aluminium, zinc, nickel and cadmium likewise have a pro-
tective effect on the cell surface of macrophages against
quartz, The same effect is reported from a Chinese anti-
silicosis drug ‘‘Reduquin.’’ The opinion held hitherto, on the
basis of previous studies, that Tetrandrin in vitro has a cyto-
toxic effect on macrophages, has been contradicted by new
studies showing that Tetrandrin markedly inhibits the quartz-
induced cytotoxicity against macrophages, as measured by ox-
ygen consumption, superoxide anion relecase, and hydrogen
peroxide release. The progress made in the therapy of silicosis
as outlined in these studies is of especial importance in China,
where there is still a high incidence of new cases of progressive
silicosis.
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REDUCING BAG OPERATOR’S DUST EXPOSURE

IN MINERAL PROCESSING PLANTS

ANDREW B. CECALA, MS ¢ Jon C. Volkwein ¢ J. Harrison Daniel
Bureau of Mines, U.S. Department of the Interior, Pittsburgh, PA, USA

INTRODUCTION

The purpose of this paper is to summarize a number of dif-
ferent research projects performed over the last few years that
deal directly with lowering the dust exposure of the bagger
operating fluidized air bag machines. Each of these projects
investigated the possibility of using completely different
methods and approaches. The first approach was to use a dif-
ferent type of bag valve. The next two approaches involved
engineering controls which were implemented in and around
the bag loading area. The last approach dealt with the con-
trol of dust sources from other areas of the plant or mill. The
bag operator’s function is to place empty bags on the fill
nozzles as filled bags are ejected from the machine. This is
quite a common practice since most mineral processing plants
bag at least some of their products. In many cases, especially
when bagging extremely fine product, the bag operator’s dust
exposure is one of the highest for the entire plant. In perform-
ing this job, the bag operator is exposed to two primary dust
sources. The first is product blowback during the bag-filling
cycle. As excess pressure is released from around the fill noz-
zle during filling, the excess air and product are forced out
of the bag, creating a considerable amount of dust. The sec-
ond major source is the sudden plume of product, commonly
called a ““rooster tzil,>” thrown from the bag valve and fill noz-
zle as the pressurized bag is ejected from the machine. In-
dividuals wishing to lower the bag operator’s dust exposure
should be able to do so by using one or more of the techniques
evaluated by the Bureau of Mines over the past few years and
shown to significantly lower operator dust exposure.

EVALUATION TECHNIQUES

In all cases, respirable dust concentrations in air at the bag
operator’s station were monitored by the same method. A
10-mm cyclone was attached either to the operator’s lapel, or
near the breathing zone. The 10-mm cyclone is used in the
United States for compliance sampling of respirable dust as
established by the Mine Safety and Health Administration.
Threshold limit values for metal/nonmetal operations are
listed in the Federal Register (CFR) Part 30-56-5-5 which is
based on a 1973 recommendation from the American Con-
ference of Government Industrial Hygienists.! The cyclone
was connected to the dust monitor by tygon tubing to allow
the operator to perform the job function with minimal in-
terference. The tubing length was minimized to reduce any
losses associated with dust adhesion to the inner walls of the
tubing, although a previous laboratory evaluation showed
negligible effects with various tubing lengths that were within
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reason (1 to 3 meters). The same length of tubing was used
in all cases for each analysis to further minimize any biases.
The RAM-1 real-time aerosol dust monitor, built by GCA
Corp., was used for all monitoring.*? This device uses light
scattering to determine the respirable dust concentration in an
air sample drawn from the environment through the cyclone.
This instrument was calibrated for respirable silica dust and
was used to compare the relative change in the bag operator’s
respirable dust exposure determined before and after the im-
plementation of each technique. The operator’s exposure is
a measure of the dust in the worker’s breathing zone and not
the actual dust breathed by the worker since most workers
wear some type of respirator protection at these operations.

THE FOUR RESEARCH PROJECTS
The following four research projects were conducted.

Bag Valve Modification

The bag valve design plays an important role in the degree
of dust generated from blowback during the bag filling pro-
cess, the rooster-tail as the bag is discharged from the filf sta-
tion, and the later dust exposure of workers loading the bags
onto pallets. The effectiveness of five commercially available
bag valves in reducing dust generated during bag filling, con-
veying, and the pallet loading process was evaluated. The five
valves tested included standard paper, polyethylene, extend-
ed polyethylene, double trap, and foam. Two factors appeared
to determine valve effectiveness. The first was the valve
length; the longer the valve, the more effective it was in reduc-
ing product blowback and bag-generated dust. The second fac-
tor was the valve material. Foam appears to be the most ef-
fective material for reducing dust generation, followed by
polyethylene, and then standard paper. Considering both
length and material, the extended polyethylene was the most
effective valve tested and resulted in a 62% reduction in
operator exposure.’ An additional benefit with this valve is
the dust reductions achieved at various locations throughout
the bag conveying and pallet loading process (Figure 1). The
extended polyethylene valve was also one of the most cost-
effective of those tested, with an increase in cost of approx-
imately $6.85 per thousand bags (0.7 cent per bag) over that
of the standard paper valve (Table I).

Dual Bag Nozzle System

A dual bag nozzle system was designed to reduce the major
dust sources of the bag filling process. The inner nozzle is the
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Table 1
Increase in Valve Cost Above the Cost of the
Standard Paper Valve

T [ Additional cost | Additional |
| Valve | per 1000 bags, $ | cost per bag, |
| I | cents ll
I | |

I Po‘lyethy]em-..’-...IO..DI I 6-85 l 0.7 l
| Extended polyethylene..... | 6.85 | 0.7 |
I DOUD]E trapo--.---o----occ l 11-17 I 1.1 l
l Foam..-..--...ll...-.....‘ l 214.98 | 21.5 %
I

TO
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DUST REDUCTIONS OVER STANDARD PAPER VALVE, pct
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Tronsfer Operator Bagroom Bag
intoke  stacker
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Figure 1. Airborne respirable dust reductions with extend-
ed polyethylene compared with that of standard
paper valve.

normal fill nozzle; the outer nozzle serves as an exhaust noz-
zle (Figure 2). The exhaust system is operated after comple-
tion of the bag filling process to remove excess pressure from
the bag. The exhaust is powered by an eductor, which uses
a venturi effect to exhaust the bag at approximately 1.42
m3/min (50 ft*/min). The exhaust airstream goes into a
bucket elevator, which recycles the exhausted product. A
pinch valve opens and closes the exhaust outlet. An improved
bag clamp which makes direct contact with about 80% of the
nozzle reduces the amount of product blowback during bag
filling.4* A field evaluation was performed on this dual bag
nozzle system during the second week of a 2-week teston a
four-station bagging operation. During the first week, the

l <— Exhaust

ANRANR

Bag clamp

l Pinch vaive
{open position)

—_—

Eductor/

Compressed air

N

Product is recycled

Figure 2. Dual bag nozzle system.

conventional system was monitored to determine the amount
of dust generated. Over the weekend, the new system was in-
stalled and the identical test was performed for the second
week of testing. Figure 3 shows the bag operator’s dust ex-
posure with the conventional system and the new dual-nozzle
system when bagging 325-mesh product. There was an 83%
reduction in dust exposure with the dual bag nozzle system.
There was a 90% reduction in respirable dust concentrations
measured in the hopper below the fill station which determined
the reduction in product blowback during bag filling; this can
result in tremendous product savings. A significant decrease
in dust accumulation on the outside of the bag resulted in a
90% reduction in dust exposure of workers subsequently
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stacking the bags onto pallets in enclosed vehicles. This system
is suggested only for operations in which the bag operator fills
bags from three or four stations. The production rate would
decrease substantially for a one or two station system since
the bag operator would be waiting on each bag as the exhaust
system is operating, and thus would not be acceptable to most
operations. The different components of this system can be
fabricated by the mineral processing operations themselves
or can be purchased from Foster-Miller, Inc., Waltham,
Massachusetts, in which case the price would be dependent
on the actual components necessary in each situation. *

Overhead Air Supply Island (OASIS)

The QASIS is an air cleaning device that is suspended over
the bag operator and provides a flow of fiitered air over the
work station. It operates independently of the product process-
ing equipment used. Mill air is drawn into the system and
passed through a primary cartridge filter. This primary filter
is self-cleaning, automatically using the reverse pulse tech-
nique when excessive filter restriction is sensed. The air can
then pass through a heating or cooling chamber (optional), de-
pending on the air temperature, and from there into a distribu-
tion manifold, which also serves as a secondary filter (Figure
4). The resulting filtered air flows down over the operator at
an average velocity of 1.9 m/s (375 fpm), which restricts mill
air from entering the clean air core.® The OASIS was
evaluated at two different operations by monitoring the bag
operator’s dust expostre with the device tirned on and off.
Figure 5 is a segment of strip chart that shows the operator’s
dust exposure during actual testing at the first operation. The
dust reductions for these two operations were 98% and 82%,
respectively. The primary reason for the difference between

Distribution chamber
and secondary filter

these two values were the lower background levels, or off con-
centrations, at the second plant. At both plants, the dust con-
centration with the QOASIS operating remained under 0.04
mg/m?. An additional benefit with this system is the overall
reduction in dust levels in the mill building as a result of the
OASIS’s cleaning action which averaged approximately 12%.
This system is commercially available from Donaldson Com-
pany, Inc_, from Minneapolis, Minnesota, at an approximate
cost of $10,000 for a basic 6,000-cfm version; heating and
air conditioning requirements are optional. The unit can also
be fabricated in 3,000-cfm increments_*

OPERATORS LAPEL, 325 MESH
1 T i

g
(=]

Normal system

DUST CONCENTRATION, mg/m>
™~
o

New system:
0 S 10 IS 20
TIME, min

Figure 3. Operator’s respirable dust exposure with normal
system and dual nozzle system.

Primary filter

Figure 4. QOverhead air supply island (OASIS).
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Figure 5. Operator’s respirable dust exposure during bagging without and with OASIS.
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Figure 6. Operator’s respirable dust exposure after becoming soiled with product from fill

nozzle that did not shut off.

Control of Background Dust Sources

In addition to dust at the bagging station, a number of com-
mon background dust sources were identified in and around
the bag filling area. These background dust sources, which
are often unrecognized, can cause more contamination than
the bagging process itself. Bag operators were monitored at
their work station to determine different background con-
tamination sources over the period of a workday. A number
of different dust sources were observed 1o substantially in-
crease the bag operator’s exposure, in many cases as much
as 5 to 10 times above the job function.? These background
sources include work clothes soiled with product material,
blowing work clothes off with compressed air, bag breakage
during loading and conveying, bulk loading outside, bag hop-
per overflow, and sweeping with brooms. Figure 6 shows a
case in which the bag operator became soiled with product

from a fill nozzle that did not shut off after the bag ejected
from the fill machine. The bag operator’s respirable dust ex-
posure before this occurred was approximately 0.1 mg/m?;
this increased to 1.01 mg/m? after the operator became soiled
with product. Another example occurred while a truck was
being bulk-loaded outside a mill where the bagging was per-
formed. The dust generated from this bulk-loading process
traveled through an open door into the mill, increasing the bag
operator’s exposure from 0.17 mg/m? before bulk loading
began to 0.42 mg/m> (Figure 7). Over the period of the day,
a substantial number of trucks may be bulk-loaded at this posi-
tion, depending on customer orders. Thus, events not direct-
ly related to the bagging operation can be more significant
sources of dust exposure to the bag operator than the bagging
process itself. To effectively keep the operator exposure at
acceptable dust levels, these background dust sources must
be identified and controlled.
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The OASIS and dual bag nozzle system are available com-
mercially. The dual bag nozzle system can also be fabricated
at the plant, using the basic technology provided. Both of these
engincering control techniques can lower the bag operator’s
dust exposure from 82-98% . The OASIS can also restrict dust
from other sources from penetrating into the filtered envelope
of air that flows down over the cperator. Over a period of
time, it also acts as a general air cleaner. The dual bag nozzle
system significantly reduces the amount of product blowback
during bag filling, which can also account for substantial prod-
uct savings when lost product is not recycled. Since the system
depressurizes the bag, much less product accumulates on the
outside of the bag, thus substantially reducing dust generated
during the conveyor and pallet loading processes. A 90%
reduction in the dust exposure of workers stacking the bags
into enclosed vehicles was also measured. The extended
polyethylene bag valve is commercially available at an addi-
tional cost of 0.7 cent per bag, or $3.36 per standard truck
load of 480 bags. It is a cost effective way to reduce workers’
dust exposure. There are basically two types of background
sources. The first is operator induced dust, the second involves
dust from external sources being drawn over the bag operator.
Operator-induced dust sources include soiled work clothes,
blowing clothes off with compressed air, and bag breakage
on the fill station due to improper pressure settings. Soiled
work clothes can be an especially significant factor in winter,
when heavy coats may be worn for long periods without clean-
ing. Dust from the secand type of source occurs when the ex-
haust ventilation system captures dust generated from other
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areas of the plant. This is applicable in those cases where an
exhaust ventilation system is located below the bag operator
to capture any machine and bag-generated dust at the fill sta-
tion. This creates a negative pressure which can draw dust
from the mill over the bag operator unless a clean makeup air
source is supplied. This was the case when bags were broken
during conveying, during bulk loading outside, and when the
bag hopper overflowed,

RECOMMENDATIONS

For mineral processing plants to keep bag machine operators’
dust exposure at acceptable levels, plant operators must be
aware of the different dust sources and methods to reduce these
sources. Recent Bureau of Mines research has shown ways
in which operator exposure can be reduced 62 % to 98 % . This
information can be useful to any facility that packages prod-
uct material into 50- to 160-pound bags. Comparison of
various techniques in the actual working environment allows
plant and mill operators to select methods best suited to their
needs. Two of these techniques involve engineering controls
that can be purchased commercially or fabricated at the plant.
One technique involves simply acquiring a more efficient bag
valve. The substantial effect of a number of different
background dust sources on the bag operator’s exposure must
be recognized, and these dust sources must be identified and
controlled.
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RECONSTRUCTION OF THIRTY YEARS OF FREE SILICA
DUST EXPOSURE IN THE TACONITE INDUSTRY

J.W. SHEEHY ¢ C.E. McdJilton

National Institute for Occupational Safety and Health, Cincinnati, OH, USA

University of Minnesota, Minneapolis, MN, USA

INTRODUCTION

The School of Public Health of The University of Minnesota’
conducted a study to evaluate the impact of past and present
mining and processing activities on employee health in the
taconite industry. The University of Minnesota health stody
proposed to examine cancer mortality in Northern Minnesota,
develop mine worker rosters, and develop research proposals
for the study of lung and heart diseases. One of the most im-
portant objectives of the health study is to associate current
health effects with known levels of past and current exposures
to potentially toxic agents in the taconite industry. As a result,
an exposure profile by job title for silica containing dust was
developed for taconite workers.

Eighty-eight percent of iron ore used in iron and steel mak-
ing (1978) in the United States comes from taconite, a hard,
fine-grained iron-bearing rock.!* The taconite mines and
mills on the Mesabi Range in Minnesota produce 63 percent
of U.S. iron ore and employ 14,000 workers. The Mesabi
Range? is located 65 miles north of Duluth and northwest of
Lake Superior and extends 120 miles from east to west. All
the taconite mines are open pit mines.

This paper presents a summary of the exposure levels for silica
containing dust for taconite mining and is based on respirable
mass sampling data collected for the past 15 years, and im-
pinger sample results collected from 1957 to 1975. From this
data base, a matrix of respirable silica dust exposures over
time and by job classification has been prepared.

METHODS

The establishment of current and past exposures to silica con-
taining dust consisted of two major tasks: {1) compilation and
summary statistics for a large amount of environmental sam-
pling data by plant, job title, and time period; and (2) develop-
ment of a model for converting historical environmental
measurement data (impinger samples) into a form consistent
with the current respirable mass sampling method. The results
from the first task—a matrix of silica dust sample results—
are summarized here; the development of the model is
presented in a previous paper.’ The model was evaluated
from parallel impinger and respirable mass sampling data us-
ing multiple regression techniques.

In this study, records of 16,000 dust samples for four taconite
plants (designated as Plants 1, 5, 7, and 8) were obtained from
the mining companies. These samples were taken by the

taconite companies and the Mine Safety and Health Ad-
ministration (formerly Mine Enforcement Safety Administra-
tion) from 1957 to 1983; the authors also collected en-
vironmental samples in 1983-84 at taconite Plant 7. About
10,000 samples were impinger-particle count samples and the
remainder were filter-respirable mass samples. From 1957
to 1975, impinger samples (nearly all midget impinger) were
collected at the Minnesota iron range taconite plants. The im-
pinger method was recommended® by the American Con-
ference of Governmental Industrial Hygienists (ACGIH) in
1942, as the standard for environmental studies in dusty in-
dustries. In the Northern Minnesota taconite plants, the filter
respirable mass sampling method replaced the impinger
sampling method in the early and mid 1970’s.

With the impinger sampler, dust particles are coliected in a
liquid in a glass impinger flask at 0.1 cubic feet per minute
(cfm) or 2.8 liters per minute (Lpm) for between 10 and 30
minutes, and the particles are counted with an optical
microscope. Impinger results are reported in million particles
per cubic foot {mppcf). The impinger sampling data in this
study were all from area samples.

Filter samplers consist of a filter preceded by the 10-mm
cyclone, operated at an airflow of 1.7 Lpm. Filter samples
are analyzed gravimetrically and are reported as milligrams
per cubic meter (mg/m?®) total respirable mass. Both personal
and area filter samples, which were collected at these plants,
were used in this study. Hi-volume samples were collected
once or twice a year at Plants 1, 7, and 8 and analyzed for per-
cent quartz.

The sampling data were compiled, entered on the computer,
and a matrix of exposures by job title was prepared from
respirable mass sample results. The validity of combining
MSHA and company data were determined from non-
parametric tests. Details of this analysis is reported previous-
ly.? A matrix of area dust concentrations by sample location
were determined from impinger sample results. In addition,
job titles, job descriptions, and time-motion information were
obtained from the plants through conversations with company
workers, supervisors, and industrial hygienists. Time-motion
information and geometric mean area impinger dust concen-
trations were used to determine an average impinger dust ex-
posure for selected job titles.

Descriptive statistics consisting of the number of samples,
geometric mean, log of the geometric standard error, and
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minimum and maximum concentration, were obtained for the
respirable mass data for 105 job titles. Respirable mass
statistics for selected job titles are presented in this paper; the
statistics for all 105 job titles are presented in a previous
paper.” In addition, for the most ofien sampled job titles,
respirable mass exposures were determined for 3-5 year time
periods. Impinger sample concentrations (1957-1975), by
locaticn, were determined. The geometric mean concentra-
tions are reported for the data in this study because statistical
analysis using various mathematical transformations, as well
as original scale, showed that the dust sampling data were log
normally distributed.”

RESULTS

Sample data, collected at the four taconite plants smdied, show
the potential for high crystalline silica exposure. Percent silica
quartz levels, averaged over time for each of the taconite mine
and mill departments, are shown in Table I. These results are
based on high-volume total dust samples (Plants 1, 7, and 8)
and respirable quartz filter samples (Plant 5). The average
quariz levels were 18-34 percent in the mine, 28-37 percent
in the crushers, 14-37 percent in the concentrators, and 5 per-
cent or less in the pellet plant. Changes over time in percent
free silica were not observed.

The NIOSH Recommended Exposure Limit (REL)® for
crystalline silica is a time-weighted average (TWA) concen-
tration of 50 ug/m? respirable free silica. However, because
all silica samples in this sudy were analyzed by weight and
not quartz, the NIOSH REL has been converted to a respirable
mass TWA concentration by dividing the allowable quartz
concentration of 0.05 mg/m?3 by the maximum percent quartz
level for each department. The OSHA Permissible Exposure
Limit (PEL) and the MSHA Metal and Nonmetal Mining and

Milling standard®10 for respirable crystalline silica is 10
mg/m? divided by the quantity (percent SiQ, plus 2), aver-
aged over an 8-hour work shift. For example, if the respirable
dust contained 100 percent silica, the calculated standard
would be 0.10 mg/m?. Using the highest average quartz level
in each of the taconite plant departments resulted in a PEL of
0.28 mg/m? respirabie dust for the mine, 0.25 mg/m? for the
crushers and concentrator, and 1.43 mg/m® in the pellet
plant. Some taconite plants, which show a lower average
quartz content, may have a higher allowable TWA (PEL);
however, because the silica quartz content may vary, the
higher percent quartz value should normatly be applied. The
NIOSH REL, when converted to a respirable mass value,
ranges from haif to two-thirds the respirable mass concentra-
tion allowed by the OSHA PEL.

Respirable mass personal sample results collected during
1972-1984 for selected job classes are summarized in Table
I1. The jobs with the lowest exposure (averaged for the four
taconite plants) were in the mine. The truck driver, shovel
operator, and dozer operator, respirable mass exposures were
approximately 0.20 mg/m? respirable mass. Individual plant
geometric mean exposures were lowest (0.07 mg/m?®) for the
truck driver and the highest (1.26 mg/m?) for the crusher
Iaborer.

For the jobs in Table II, the highest respirable mass geometric
mean concentration exceéeded the NIOSH REL and the PEL
for silica in all departments, except the pellet plant. The
geometric mean concentration for the crusher laborer, the con-
centrator laborer, and concentrator maintenance man exceed-
ed the NIOSH REL at all four plants. In the pellet plant, the
highest geometric mean concentration for respirable dust was
1.0 mg/m? for the pellet laborer, which is at the NIOSH REL
and below the PEL of 1,43 mg/m? for the pellet department.

Table I
(%) Silica Quartz Levels by Department from High Volume Samples

Plant
Location 1 s(a) 7 8
Mine - 18 28 34
Coarse Crusher 32 33 32 37
Fines Crusher 35 28 (b) (b)
Concentrator 20 14 22 37
Pellet 4 5 2 3

(8) pegpirable mass fllter samples
)} Plant does not have Fines crusher
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Table IT
Respirable Mass Exposures by Job Title for Four Taconite Plants (mg/m3)

Aversage NIOSH
Job Title 4 plants Minimum  Maximum REL(a) PEL
Shovel Operator 0.18 0.08 0.34 0.15 0.28
Truck Driver 0.20 0.07 0.33 0.15 0.28
Dozer Operator 0.20 0.14a 0.29 0.15 0.28
Crusher Operator 0.30 0.11 0.59 0.14 0.25
Crusher Laborer 0.56 0.24 1.26 0.14 0.25
Conc Attendant 0.38 0.14 0.63 0.14 0.25
Conc Laborer 0.56 0.52 0.64 0.14 0.25
Conc Maintenance 0.43 0.37 0.47 0.14 0.25
Furnace Attendant 0.41 0.13 0.61 1.00 1.43
Laborer Pellet 0.61 0.43 1.00 1.00 1.43
0.05 mg/m?

(a) Adjusted NIOSH REL =

% quartz {(area sample)

Table II includes the more frequently sampled job titles.

Respirable dust concentrations (geometric mean) among jobs
in the open pit for the four taconite plants are compared in
Figure 1. The exposures for the shovel operator, truck driver,
dozer operator, and drill operator were lowest at Plant 1 and
highest at Plant 5. Within individual plants, exposures among
job titles in the mines were very similar. Exposures to
respirable dust for three jobs in the crushers are compared in
Figure 2. The mean respirable dust concentrations for the
crusher operator were generally lower than for the coarse
crusher laborer and fines crusher attendant. The geometric
mean respirable mass concentration for the Plant 5 crusher
laborer was 1.26 mg/m>, more than 3 times the exposure of
the crusher laborers at the other three plants. Plants 7 and 8
did not have a fines crusher. Figure 3 shows respirable dust
concentrations (geometric mean) for the concentrator atten-
dant, laborer, and maintenance man. The laborer and
maintenance man’s exposures were nearly identical at Plants
5,7, and 8, while the attendant’s exposure at Plants 7 and 8
were 4 times greater than at Plants 1 and 5.

In addition to stratification by job class, respirable dust ex-
posures were grouped into three time periods. The results for
five job titles, presented in Table III, show differences in some
exposures between the period 1972-1976 and 1980-1983. For
some jobs, such as the truck driver at Plant 7, there were
almost no changes in respirable dust exposures over time. On
the other hand, exposures well above the PEL for the concen-
trator laborer, decreased by as much as 74 percent from
1972-76 to 1980-83 (t-test results show a highly significant
difference in geometric mean respirable mass concentrations
between the two time periods). This reduced the concentrator
laborer’s exposure from much above the standard to 0.27

mg/m?; which is between the NIOSH REL of 0.23 mg/m?
and the OSHA PEL of 0.42 mg/m? for Plant 7 concentrator.
The decrease in dust exposures appeared to be the result of
introducing wet methods in grinding operations in the
concentrator.

Figures 4 and 5 show changes in respirable dust exposures
for jobs in the Plant 1 coarse crusher and Plant 7 concentrator.
In general, respirable dust exposures for jobs in the coarse
crusher of Plant 1 did not decrease over time, whereas
respirable dust levels for all three jobs in the concentrator of
Plant 7 showed significant decreases in the 12 year period.

Before the early 1970’s, only impinger dust samples were col-
lected at the taconite facilities. Several taconite plants have
operated since 1957 and three others since 1968. During this
period, a large number of impinger samples were taken at
Plants 1, 7, and 8. The geometric mean impinger dust count
concentrations for ten sample locations in the concentrator at
Plant 1 are presented in Table IV. The results are shown for
five time periods from 1957 to 1975, and are based on 2
minimum of three samples per location for each time period.

Because impinger dust samples are area samples and are col-
lected by a different sampling method, two steps were required
to make impinger sample results comparable to the respirable
mass sample data: (1) the geometric mean impinger sample
concentration for each location is multiplied by the percent-
age of time worked at each location and then summed for a
particular job ttle; and (2) the mean impinger dust count con-
centration {mppcf) for the particular job title is then multiplied
by a ratio (developed by the authors) of filter respirable mass
concentration to impinger dust count concentration. The lat-
ter step is presented in an earlier paper.’
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Table I
Changes over Time in Respirable Mass Exposures* (mg/m?)

Job Plant 1972-76 1977-79 1980-83

Truck Operator 1 0.10 0.08 0.06
? 0.27 0.23 0.25

8 0.09 0.19 0.14

Shovel Operator 1 0.17 0.08 0.05
: 5 0.34 0.37 0.27

7 0.17 0.06

Concentrator Secondary Attendant 5 0.25 0.22 0.38
7 0.61 0.27 0.21

8 0.57 - 0.24

Concentrator Laborer 5 0.76 0.53 0.27
7 1.05 0.37 0.27

8 0.99 0.67 0.40

Furnace Attendant 1 0.12 0.16 0.10
5 0.59 0.62 0.65

* Geometric mean concentration:

Table IV

Dust Count Concentrations at Locations Where the
Concentrator Laborer Worked (mppcf)

Gaometric Mean

Sample Location
{in concentrator 1957-59 1960-63 196467 1968-71 1972-75
of Plant 1)

Conveyors #7 & 107
West Conveyor #38
West Rod Mill
West Filter Floor
West Conveyor #10
East Conveyor #108
East Conveyor #109 - -
East Rod Mill - -
East Filter Floor - -
East Conveyor #110 - -
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Figure 1. Respirable dust exposures in the open pit.
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Figure 2. Respirable dust exposures in the crushers.
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Figure 3. Respirable dust exposures in the concentrator.
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Figure 4. Respirable dust exposures over time in coarse
crusher.
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Figure 5. Respirable dust exposures over time in
concentrator.
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Figure 6. Estimated impinger dust exposures for conc.
laborer at Plant 1.
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To accomplish the first step mentioned above, the percentage
of time the concentrator laborer spent at each location was
determined. This percentage of time was then multiplied by
the impinger area sample concentrations in Table IV to ob-
tain an estimated impinger dust count exposure for the time
period. An estimated impinger dust count exposure (mppcf)
versus time for the concentrator laborer (solid line) is plotted
in Figure 6. It shows the laborer’s dust count exposure in-
creased until 1968-71 and then decreased.

CONCLUSIONS

Quantitative exposure levels to silica-containing dust were
determined for the taconite mines in Minnesota by aralyzing
both respirable mass and impinger dust count samples. These
quantitative exposure data, briefly summarized here, are now
available to epidemiologists attempting to determine the rela-
tionship of dose (quartz) to disease in the taconite industry,
especially diseases with long latency such as cancer and
silicosis.

A major task in analyzing the sample data collected before
1976, was to estimate personzl respirable mass exposures
from area impinger dust samples. This was accomplished by
calculating geometric mean dust count concentrations at the
sample locations and factoring in time-motion information for
specific job titles.

Exposures to silica containing dusts in the mine, crushers, and
concentrator exceeded the NIOSH REL and the OSHA PEL
at some of the taconite plants. Exposures for jobs in the con-
centrator exceeded the REL and PEL at all 4 plants. Jobs in
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the pellet plant were below the REL and PEL.

However, these mean exposure values, encompassing ex-
posures from about the 1970’s to the early 1980°s, hide
changes in exposures such as those due to improved control
technology. For example, jobs in the concentrator of Plant 7
showed significant decreases in exposure over 12 years due,
in part at least, to the introduction of wet grinding methods.
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ONE SOLUTION TO CONTROL—CAREFUL APPLICATION
OF KNOWN TECHNOLOGY

K.J. CAPLAN
PACE Laborateries, IHE Division, Minneapolis, Minnesota, USA

ABSTRACT

The crushing plant for an open-pit copper mine had a one-year old conventional blast-gate-balanced dust col-
lecting system which was requiring high maintenance due to eroding ducts and elbows. Dust concentrations
were about 4 times the allowable by British Columbiz standards, consequently workers were required 1o wear
respirators. :

A new ore body was being developed which assayed 25% quartz, as compared to the old ore body at 10% quartz.

Corrections consisted of a new balanced dust collecting system using the existing wet scrubber; revisions to
belt transfer chutes and hoods; a vacuum cleaning system; and a make-up air system. Roof beams and wall
girts inaccessible for vacuum cleaning were provided with sloped sheet metal covers. Relatively minor revi-
sions to inlet and outlet ducts permitted the scrubber to operate at full capacity.

These revisions resulted in a 10-fold reduction in dust exposure and a 4-fold reduction in dust load to the col-
lector. In the first year of operation, one duct elbow required replacement.

These results were achieved by competent, careful application of known technology in dust collection and
bulk material handling. All but one ventilation design point is included in the ACGIH Ventilation Manual;
and that point was in the nature of solving a difficult design problem, not ‘‘new technology.”’

Specific design improvements are described and/or illustrated, and dust concentrations tabulated.

No Paper provided.
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DUST CONTROL AND OCCUPATIONAL EXPOSURE

TO SILICA IN THE UNITED KINGDOM
J. TICKNER, M.Sc.

Health and Safety Executive, Bootle, Merseyside, United Kingdom

INTRODUCTION

In the United Kingdom, measures to limit exposures to
crystalline silica have been incorporated in industrial health
and safety legislation for well over 100 years. In general,
statutory requirements for dust control have appeared in
Regulations relating to individual industries such as potteries
or foundries and have specified the means by which control
is to be applied (e.g. the use of extract ventilation or the wet-
ting of dusty materials).

The development of quantitative techniques for dust sampling,
together with procedures for assessing exposures and the
evolution of exposure limit philosophies opened up
possibilities for determining the practical effectiveness of con-
trol measures. For the past 10 years or so, comprehensive
reviews of occupational exposures have been prepared by the
Health and Safety Executive for a wide range of substances
hazardous to health. These reviews are presented to the Ad-
visory Committee on Toxic Substances (ACTS), which is a
tripartite body set up to advise the Health and Safety Com-
mission and which determines occupational exposure limits
for the United Kingdom.

In 1987, a review of exposure to crystalline silica was
prepared, which considered sampling data and information
on control measures from a variety of sources. Much of the
data in this paper is based on that review.

DEVELOPMENTS IN LEGISLATION

At the same time as the ACTS review of crystalline silica was
in progress, proposals for an important new set of Regulations
were reaching a critical stage in their development. Until now,
the conventionat historical pattern for health and safety legisla-
tion has been to make Regulations for specific substances (e.g.
asbestos, lead), or for individual industries such as ship
building or construction. This meant that provisions for
safeguarding occupational health often appeared in piecemeal
fashion and controls required in one industry would not
necessarily be required in the same form in similar cir-
cumstances in another.

New legislation, to be known as the Control of Substances
Hazardous to Health Regulations is now proposed which will
require adequate control of all substances hazardous to health
wherever they are used at work. For a substance such as silica,
which is found in a wide range of industries, the new Regula-
tions should be of great assistance in achieving a uniform stan-
dard of control to meet formal occupational exposure limits.
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THE INCIDENCE OF EXPOSURE TO SILICA

Crystalline silica is found in a wide range of materials used
for a variety of purposes in manufacturing industry as well
as in quarrying and tunnelling activities. The United Kingdom
has long had experience of the traditional *“dusty trades’” such
as potteries and foundries, which make extensive use of silica-
containing materials and there is also extensive manufacture
of bricks, tiles and refractory materials. Significant silica ex-
posure is also found in stonemasons’ work. The size of the
industrial sectors where exposure to crystalline silica is found
has changed considerably over the past 30 years. A general
diminution in the extent of manufacturing industry has led to
a corresponding reduction in the numbers of persons exposed
to silica in some industries. In potteries for example, the total
number of persons employed in the industry is estimated to
be 30,000 - 40,000 which is about half the total employed in
the early 1950s. For foundries, the decline is considered to
be even more marked.

For non-manufacturing industry, quarrying is the largest sec-
tor where exposure to silica occurs. Significant exposure is
found during the working of a wide variety of materials in-
cluding granite, basalt, sandstone, coal and limestone. Tun-
nelling can also produce extensive exposure during major civil
engineering projects.

DISTRIBUTION OF EXPOSURE DATA

Because of the wide range of industrial activities where silica
exposure is found, the quantity of personal sampling data and
the assessment of exposures and control measures are very
variable. In some sectors, such as brick and tile manufacture,
only limited data is available while for others, detailed assess-
ment of specific processes have been made. Foundry data, for
example, covers a wide range of activities including knockout,
fettling and grinding, where control problems have been dif-
ficult to solve.

A total of some 3,000 personal exposure samples were as-
sessed for the ACTS Silica Review. The datza was all collected
by Health and Safety Executive staff, usually by an occupa-
tional hygiene Specialist Inspector directing a small team of
scientific staff who collected and analysed the samples. Much
of the data was obtained in the period 1979-1986 and resulted
from factory and site visits made for one of two purposes:

1. Aspart of a prospective survey of particular industries such
as potteries in order to determine the extent and patterns
of exposure.



2. In response to requests from HM Inspectors of Factories
to assess conditions at specific premises. In these cases,
the Specialist Inspector would undertake a comprehensive
occupational hygiene survey, sampling as necessary, and
make recommendations for improvements and/or enforce-
ment action based on his professional judgement.

In general only a small proportion of the results obtained were
taken over an 8-hour sampling period but many of the work
activities involved were such that 8-hour time weighted
averages could be reliably assessed from exposures of shorter
duration. In some instances, notably stonemasons work, air-
borne crystalline silica is generated intermittently and the
estimation of a true time-weighted average is more difficult
unless sampling extends over the full 8 hours.

Samples obtained for enforcement purposes tend to be biased
towards higher levels of exposure, as the survey request will
have followed from an initial observation that airborne con-
centrations appear to be high. It is also true that high levels
of airborne silica may not always indicate high exposure as
the sampling does not take into account whether respiratory
protective equipment is being worn.

Of the total number of samples, approximately 1100 were ob-
tained for manufacturing industry in all forms, 1300 for tun-
nelling and 500 for quarrying. In manufacturing industry, ap-
proximately 46 % of the samples were obtained in foundries,
37% in potteries, 10% in brick and tile manufacturing and the
remainder in refractory and stonemasons work. This distribu-
tion of samples does not reflect the distribution of the exposed
population, and is biased towards the foundry industry, part-
Iy because high airborne silica concentrations have been found
and partly because there is a variety of processes in foundries
at which silica-bearing dust is generated.

AIRBORNE DUST CONCENTRATIONS

In considering the sampling data, it may be useful for com-
parison purposes to record the relevant current United
Kingdom occupational exposure limits. These are:

1. 0.1mg/m? for respirable crystalline silica.

2. 5mg/m? for respirable dust for which no lower limit is
specified elsewhere.

3. 10mg/m? for tota! inhalable dust for which no lower limit
is specified elsewhere.

Most of the 3000 or so samples covered by the review were
analysed to determine airborne dust concentrations for each
of these categories.

For manufacturing industry, 65 % of 1058 samples indicated
less than 0.1mg/m3 respirable crystalline silica and 19%
were in excess of twice the exposure limit. The majority of
the higher dust concentrations occurred in the foundry in-
dustry, largely at fettling processes. Tunnelling gave a similar
distribution of samples for respirable crystalline silica, with
35% of 1292 samples in excess of 0.1mg/m? and 15% above
0.2mg/m>. In quarrying, higher dust concentrations were
generally found—64 % of 474 samples exceeded 0. 1mg/m?,

Sampling and Control of Mineral Dust

with 10% in excess of 0.5mg/m>.

For respirable dust, the proportion of samples exceeding the
Smg/m? limit was in the range 5%—10% for all industries,
with variations within this range dependent upon the propor-
tion of silica in the material being worked. A uniform pattern
of total inhalable dust concentrations was also observed for
all industries, with 75% of samples less than the 10mg/m?
exposure limit.

CONTROL MEASURES

Partly as a resuit of developments in legislation, renewed at-
tention is being paid to the control of occupational exposure
to hazardous substances in the United Kingdom at present. Ef-
fective control is perceived as encompassing a wide range of
factors including both “*hardware’” such as extract ventilation
and engineering modifications to process plant and the sup-
porting “‘software’’ which ensures that the hardware is used
to the best effect. The overall management health and safety
structure, line management supervision, the provision of ade-
quate training in the use of control measures and a good system
of preventive maintenance are all part of this support system
without which the control measures installed will inevitably
lose their effectiveness.

All the major conventicnal means of preventing and control-
ling the generation of dust were found in the industries
surveyed, including substitution, enclosure, control at source
by local exhaust ventilation and process modification. In some
circumstances, respiratory protective equipment was also
needed in order to reduce exposures to less than the ap-
propriate occupational exposure limit. In common with most
other countries, however, the United Kingdom Health and
Safety Executive policy regarding the use of respiratory pro-
tective equipment is to accept it only as a solution of last resort
and to seck effective control by other means wherever
possible.

For most of the processes and activities surveyed, effective
control of airborne respirable silica to less than 0.1mg/m3
could be achieved without great difficulty. In potteries, for
cxample, high silica-content material can often be replaced
by less hazardous alternatives (e.g. the substitution of calcined
flint by calcined alumina) and wetting of materials is a very
effective way of inhibiting dust generation during handling.
However, a good standard of general cleanliness and
housekeeplng is still required to ensure that scrap spillages
are effectively removed and not allowed to dry out and create
a potential dust problem.

Foundry processes are more difficult to control effectively,
problems are much reduced in modern plant of good design.
Fettling remains the most problematic of processes, although
advances have been made recently in the automatic fettling
of small simple castings, which remove the operator from the
source of dust. For larger castings, fettling must still be done
with a hand-held or swing-frame grinder. Where the work can
be done in a booth with an efficient extraction system, good
control should be possible but for very large castings there
may be no practicable alternative to the use of respiratory
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protective equipment to supplement conventional control
measures. A similar situation occurs with repair and re-lining
work on fumaces and ladles, where high concentrations of
crystalline silica are generated during work oa refractory lin-
ings. Again, at present it will often be necessary to supple-
ment a good standard of ventilation with the use of respiratory
protective equipment.

The major activity in the quarrying industry is the production
of large quantities of low-value minerals such as roadstone.
Plants with throughputs of 500 tonnes per hour are not un-
common and airborne dust quantities produced during
mechanised processing are large—up to 0.5% of the process
mineral throughput can be retrieved by dust collection. Wet
suppression, enclosure and local exhaust ventilation tech-
niques are used as circumstances demand, but are not always
able to achieve control of exposures to the same standard as
manufacturing industry.
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CONCLUSIONS

Personal sampling data over a wide range of industries in
which crystalline silica-containing material are used indicate
that for many processes effective control of airborne dust can
be achieved to current United Kingdom occupational exposure
limits. Some problems remain difficult to solve, and in these
cases respiratory protective equipment is used to supplement
engineering control measures.

Control measures are not always used to their maximum ef-
fectiveness. Where this occurs, there is usually a need for im-
proving the general awareness of the importance of dust con-
trol from the occupational health and safety viewpoint and
securing greater commitment to the effective use of existing
control measures. Developments in legislation in the United
Kingdom and the preparation of supporting technical guidance
by the Health and Safety Executive should assist in generally
raising standards of control in industry.
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AUXILIARY VENTILATION PLANT AND AIR DISPERSED
PARTICULATES: AN EXPERIMENTAL STUDY IN THE STOPES

OF AN ITALIAN TALC MINE

C. CLERICI* ¢ G. Gecchele* ¢ M. Patrucco* ¢ G. Longot

*Politecnico di Torino, Italy
{Talco e Grafite Val Chisone SpA, Italy

SUMMARY

The paper refers to the results of an experimental research developed at the most important Italizn talc mine
of Fontane. A prealable series of tests confirmed the substantial absence of asbestos fibres, and the conse-
quent exhaustivity of gravimetric samples to evaluate the particulate content in the atmosphere; on the basis
of extended sampling work as performed in an experimental and in other working stopes, a correlation has
been identified between the scheme of auxiliary ventilation plant at various flow rates and the dust concentra-
tion. It was also possible to show a good efficiency of the exhausting system, as compared with the blowing
system, owing to a quicker removal of particles from the workplaces, to a reduction in air dispersed dust up
to about 20% , and to the absence of secondary dust production and annoyance of miners. On the basis of research
results in the future the exhaust ventilation system will be as much generalized as possible in the mine.

INTRODUCTION

The Fontane talc mine, located in the Germanasca valley
80km West of the city of Turin, is exploited by Talco e Grafite
Val Chisone Co. The mine is one of the most important talc
mines in Europe in terms of both the tonnage and the quality
of talc produced (about 40000 t/y of pure white talc); for in-
stance specifications of Extra Superiore brand quality are sum-
marized in Figure 1.

The orebody has a typical ‘‘rosary’’ structure—a series of
lenses en echelon—which strikes N20 W and dips towards the
West at an average slope of 200-229,

The lenses can be large, but are extremely irregular, varying
in width from a few centimeters up to 5-8 m, exceptionally
to 15 m.

The footwall bedrock is a compact augen-gneiss while the
hanging wall comprises greenstones and mica schists.

At present the mine is being worked in two different sections:
Gianna, on the left side of Germanasca river, and Crosetto,
on its right (see Figure 2).

Since 1974 the exploitation method is underhand horizontal
slicing with cemented backfill, taking the ore in strips run-
ning transversely to or paralle] with the orebody, with stopes
of up to 8 m? cross section (Figure 3).

The primary ventilation at Crosetto section, in an experimental
stope of which the described tests were carried out, is based
on a fan activated exhaust system, linking the main level (1400
m over sea level with an upper one at 1500 m).

At present blind stopes ventilation, in which faces may reach
a distance of more than 120 m far from the main ventilation
level, sometimes proved not to be quite satisfactory, in par-
ticular with regards to air velocity (Italian mining law requires
a mean air velocity of 10 cm/s in the stopes), and comfort
conditions.

A common research work has been carried out by Talcoe
Grafite Val Chisone Co. and Mining Dept. of Technical
University of Turin, to both identify a proper technique of dust
measurements in the stopes of Fontane mine, and to achieve
further improvements in the general environmental condi-
tions.

DUST SAMPLING TECHNIQUE

A preliminary problem to be solved in order to organize
systematic dust concentration surveys in the mine stopes was
to identify a correct sampling organization, and suitable
apparatus.

A more than two years long campaign, developed with bat-
tery powered Dupont P4000 samplers (flow rate 1 dm3/min.,
open holders for 25 mm dia.—0.8 um pore diameter cellulose
filters) has been carried out, and made possible to achieve
some prelimmary results. First, some mining operations were
identified, during which the maximum dust production occurs,
in terms of gross air concentration (see Figure 4); furthermore
it was confirmed that, in this case too, a proper evaluation of
workers exposure may be obtained with personal sampling
devices carried by the workers: the risk of unpredictable
human behaviours has shown to be very low after two months
of testings.
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TALCO E GRAFITE VAL CHISONE S.PA.

TALC: EXTRA SUPERIORE

Extra Superiore Tak: is a bydrous magnesium
silicate, platy in structure, which meets all
pharmaceutical specifications (Eur. Pharm.)
and does not contain asbestos minerals
{CIFA.J41)

It is suitable for various apptications where
high purity and extremely platy takc is desired.

PHYSICAL DATA
Whiteness (FMY/C - Green Filter) %: 90.5 Oil Absorption
(FMZ/C - Bluc Filter) %: 89.5 (DIN 53199/ASTM D281-31) %: 32
Specific Gravity (DIN 53193) g/cm?: 2.8 B.ET. Surface (DIN 66131/66132) mi/g: 4
Tapped Density (DIN 53194) kg/dm?*: 0.79 Abrasivity (AT 1000 - 2 hours) mg: 10
Loose Deunsity (DIN 53468) kg/dm’: 0.45 Hardness (Mohs) : 1
PARTICLE SIZE DISTRIBUTION
< pm % -
75 : 99.3 'i- -
45 : 83.6 - N
20 : 49.8 § .
10 : 30.5 § -
15.3 3 :
2 : 7.4 .
l : 3.5 .-- - e ek e n - -9 48 s 3 ] * A el - e
EQUNALENT SPHERICAL DIAMETER, jus
CHEMICAL DATA
S0, %: 60.1 LOI. (1050°C) %: 53
MgO %: 318 pH (DIN 53200 - 10%: slurry) : 93
ALO, %: 15 Moisture (DIN 53198 - 105°C) %: 02
Fe,0, %: 09 Water Solubility (DIN 53197) %: 01
Ca0 %: 04 Acid Solubles (DIN 55920) Y: 23

Figure 1. Specifications of Extra Superiore brand quality.
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Figure 2. The Fontane talc mine, plan and section, showing the main underground levels.
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At last a systematic microscope analysis on more than 200
samples from production stopes, carried out with phase con-
trast illumination (500x magnification), confirmed a respirable
particle content of crystalline silica less than 1% (in mass).

X.R.D. analysis of samples proved the absence of asbestos
minerals. Some fibrous shaped elements—from platy talc
breakage—were sometimes identified, well less than 1% in
number of respirable dust particles.

Owing to the shape of talc particles in respirable dust collect-
able in Fontane mine stopes, it has been necessary to verify
the actual effectiveness of separating devices for this particular
application.

In situ and laboratory tests (in a specially designed apparatus,
see Figure 5) were carried on, to collect information on the
performances of two different size-selectors, also in com-
parison with open holder samplings. The flow rates kave been
adjusted according to separators Constructor data, and 1

dm3/min respectively.

The results of the above mentioned tests are summarized in
Table 1. The 10mm nylon cyclone separator confirmed its high
efficiency with reference to Respirable Particulate definitions,
however it has been possible to observe a remarkably greater
(but with extremely dispersed data) content of respirable par-
ticles in the *“not respirable’’ deposit. Sometimes, moreover,
in long duration samplings in stopes with high humidity
degree, particle agglomeration and partial obstructions were
to be feared.

Consequently, it appeared at the moment preferable to select,
as the most suitable for dust sampling in Fontane mine stopes,
the stainless steel shell cyclone separator, in spite of some
lower separation efficiency, considered that this over-
estimation may help technical improvements of the en-
vironmental conditions.

The analysis of the collected samples may properly be based
on the mass determination criterium, according to Interna-
tional Standards, provided that the crystalline silica content
and mineralogical nature of fibrous elements are periodical-
ly verified.

,,{/ Main Level

o,

T SR
P N Y K Y T

Main Level

Loose fill

Cement fill

Talc

Figure 3. The mining technique employed: underhand method with cement fill.
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Figure 4. Comparative dust level, compared to case A:
A—breaking with hammerpick; B—loading with compressed air shovel (on rail);
C—loading and hauling with rubber tyred electrohydraulic equipment; D—face
and roof cleaning; E—others (maximum).

BLOWING AND EXHAUSTING AUXILIARY
VENTILATION

In order to verify the possibilities of improving the en-
vironmental conditions in the mine stopes, an experimental
stope of 4 m? cross section (Crosetto, n.7, Figure 6}, in
which the face was at a distance of about 40 m from the main
ventilation level, has been equipped with a centrifugal fan
(7.5 kW) and a flexible tubing (300 mm dia.) in rubberized
nylon with metal springs.

The tubing was set in such a way that it was possible to attach

it to the inlet or to the outlet of the fan.

The face end of the ventilation duct was set at a distance of
5 m from the face.

A series of tests has been carried on at various flow rates, ob-
tained by properly positioning the regulation metal brattice
of the fan, both in exhausting and in blowing configuration.

Dust concentration, air mean velocity and mioroclimate para-

meters at the face were recorded, and W.B.G.T. comfort in-
dex calculated for each plant regulation. Moreover explosive
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Figure 5. Layout of the apparatus used in laboratory tests
(schematic): A—hopper and vibrating feeder; B—
sampling room; h—sampling holders.

fumes concentration (NOx and CO) were systematically
measured (with Drager test equipment) 15 minutes before the
restarting of work (two hours after the blast).

For each test also dust concentration in the access way to the
stope was measured, at a distance of about 20 m from the face.

Table II summarizes the most significant results of the above
mentioned tests. As to thermal and humidity conditions it was
observed that, in the period of testing, the mean temperatures
resufted of 7-10°C and 10-14°C respectively in the main level
and at the face, and the relative humidity in both sites was near
to 100%; W.B.G.T. values at the face ranged from 10 to
14°C.

On the basis of the achieved results it must be observed in par-
ticular that dust concentration and comfort conditions at the
face appear clearly not acceptable with the maximum flow rate
in blowing plant configuration, due to the excessive air
velocity.

Taken for granted that noxious fumes concentration is not a
problem in any case, it may be assumed that satisfying en-
vironmental conditions at the face can be achieved both with
ablowing scheme as in case 2, and with an exhausting scheme
as in case 1.

-7/ N7 ININ SN 2N ST IN 7S TN ISTIR /T TR

Figure 6. Diagram of stope n.7, Crosetto, where the tests were carried out: L—main level;
F—stope face; D—slope; a, a’, b, F—sites of measures.
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Table I

Mean Size Distribution (Number of Particles) as Measured
in the Samples Collected with Different Apparatus:
A—Open Holder; B—Stainless Steel Cylindrical Shell Cyclone;
C—10 mm Nylon Cyclone

—— P A T i i ——— . T S ——— ————— i — b =

particle size A B C
(pm) (2) (3) (3)
Laboratory <5 80.1 88.1 80.1
tests (1)
5 - 10 17.4 13.0 8.7
10 - 20 2.2 0.9 0.2
> 20 0.3 -—-- -——
Donax{(4) 25 20 15
In-stope < 5 93.5 97.1 98.1
tests
5 - 10 4.2 2.4 1.9
10 - 20 1.8 0.4 ————
> 20 0.5 0.1 ———-
Dmax(4) 60 30 15

(1) Performed on commercial product (0-80 pm)
(2) Flow rate 1 dm3/min.

(3) Flow rate according to Constructor data.
(4) Exceptional.
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Table I
Results of the Tests Carried on at Crosetto n.7 Experimental Stope

flow rate mean air max air tmax-tmin tmax(st)- tm{st.acc.) respirable
n3/s velocity velocity in stope -E(lev) -t{lev) dust conc.
(stope) {stope) C C °c (%%}
n/s n/s (¥) mg/a3
exhausting
systen
case 1 0.44 0.12 0.19 1 3 0 0.45
case 2 0.38 0.10 0.12 1] 3 0 1.15%
case 3 .35 - 0.09 0.09 1] 3 o] 2.10
blowing
systen
case 1 0.57 0.15 0.33 2 3 3 2.30
case 2 0.45 D.12 6.15 3 3 3 0,50
case 3 0.36 0.08 0.08 3 3 3 2.03

* Italian mining law ref. > 0.10 m/s

** gamples collected during breaking with hammerpick.

The exhausting systern—in the above mentioned conditions—
has proved to be more efficient in particular with regards to
comfort conditions in stopes where the temperature is
remarkably warmer than in the ventilation level: annoying
localized temperature variations are avoided both at the face
and at the beginning of the stope access way from the main
level.

Moreover, a lowering of dust concentration along the stope
access way (about 20%) has been observed at equal air
velocities in the different ventilation systems, even if in any
case the absolute values were far from suggested T.L.V. for
talc dusts.

On the basis of the previous considerations the use of the ex-
haust ventilation system will in future be generalized in the
stopes with important differences between stope and main
stream air temperature, while blowing system can be main-
tained (for economic and technical reasons, such as lower
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costs of tubing and installation) where this problem does not
arise.

A research work has been undertaken to design a diffusive tub-
ing outlet to be suggested for blowing system, to avoid a
discomfortable localized air stream at the face.

CONCLUSIONS

A proper dust sampling technique has been tested, specially
fitted for Fontane talc mine.

The results of tests on auxiliary ventilation systems made
possible to identify the main plant features that may give good
environmental conditions and stressed that, in particular where
an important difference between face and level air flow
temperature arises, the exhausting ventilation system must be
preferred.

Research work is now being carried on to achieve further
improvements.
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A RESPIRABLE DUST SURVEY OF VARIOUS METALLIFEROUS

MINE SITES IN QUEENSLAND, AUSTRALIA

S.L. BELL ¢ P.J.Lynch

Safety in Mines Testing and Research Station, 2 Smith Street, Redbank, Queensland, 4301, Australia

INTRODUCTION

This paper describes the current development of dust
surveillance and respirable quartz monitoring in a range of
metalliferous mines in Queensland, Australia. Gold mines and
quarries are predominant in the study, although sand, nickel,
limestone and bauxite mines are also covered. A Fourier
Transform Infra-Red (FTIR) method was developed to
measure quartz content in respirable dust samples. The matrix
difficulties which are present with such a wide range of sam-
ple sources have been overcome using a specific interferent
reduction program applicable to any type of material.

BACKGROUND

This program of mine surveillance began as recently as 1986
when the Safety in Mines Testing and Research Station
(SIMTARS) was established to provide, amongst other things,
an occupational hygiene service encompassing all types of
Queensiand mining operations. SIMTARS is also involved in
electrical and flameproof testing of equipment destined for use
in underground coal mining and other potentially hazardous
areas. From its extensive, special gas analysis service,
SIMTARS also provides an emergency gas analysis service
for coal mines in event of a mine disaster.

While the workers in Queensland coal mines are sampled on
a regular basis for respirable dust and quartz by officers at-
tached to the Coal Mines Inspectorate (GRANTHAM and
BELL, 1987), no regular systematic respirable dust sampling
has ever been carried out at Queensiand metalliferous mines.
The reasons for this include the diversity of mining types and
the geographical separation of mine sites in a very large state.
Furthermore, many of the mining operations are smail and
employ few personnel, limiting the feasibility to survey these
small mining operations in the past.

In the absence of any data on these mines, the opening gam-
bit was to visit only the major sites to cover the largest con-
centration of workers and processes, with a few smaller sites
included to determine if size affected dust exposure or dust
control in any way. From these data, a suitable inspection fre-
quency could be determined and immediate problem areas
could be targetted for investigation and improvement. In the
longer term, the informaticn can be used in an epidemiological
review of dust disease amongst these mining populations.

In addition to the respirable dust monitoring, noise measure-
ments were also made. Collection and processing of the

samples was undertaken by the small (5 member) hygiene
group. The sampling technique, adapted where necessary to
meet the commitments of mining schedules, has followed the
Australian Standard 2985 1987 (Workplace Atmospheres—
Method for Sampling and Gravimetric Determination of
Respirable Dust), itself based on the familiar MDHS 14 of
the UK Health and Safety Executive.

METHODOLOGY

Respirable dust measurements were carried out using Dupont
P2500 sampling pumps entrained with Casella 37 mm cyclone
elutriators. The dust samples collected were analysed for free
silica using a Fourier Transform Infrared technique which
utilizes computer controlled spectral subtraction of interfer-
ing minerals.

Previous techniques in respirable quartz analysis of dust
samples containing interfering substances required computer
subtraction of known interferents from the sample mixture.
Dust samples obtained from mining environments often have
interfering minerals which are difficult or impractical to
analyse. Using computer software available with modern
FTIR's (e.g. Perkin Elmer Model 1750), quartz in mixtures
can be readily evaluated without knowing the exact nature of
interfering substances. By spectrally subtracting pure quartz
(Australian Standard 9950) from the sample mixture a spec-
trum of the interferent is generated. This interferent spectrum
can then be subtracted from the mixture leaving a spectrurn
of quartz free from interference (see Figure 1). Viability of
the resulting quariz spectrum can be determined by either the
ratio of the peak heights in the doublet and/or the ratio of the
peak heights in the doublet to the minor 690 cm™! peak.
While this interference free quartz spectrum can be quantitated
using presently accepted methods (e.g. standard regression
line and peak heights), it is not necessary since a user
generated normalization factor can be used to calculate the
quartz content directly. The theory is described briefly below.

Both the mixture and the pure quartz spectra are converted
to absorbance. The difference between ordinate values of the
two spectra at each data point is determined. These ordinate
difference values represent the interferent spectrum and can
be represented by

d3 =d;-(dy x1)

Where d3 = ordinate values of the difference spectrum or in
this case the interfering components of the mixture.
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d; = ordinate values of the mixture.
d; = ordinate values of the pure quartz

f = normalization factor applied to the quartz std. spec-
trum to make it equal to the quartz component of the
mixture.

When the quartz standard spectrum is subtracted from the mix-
ture spectrum, only the interferent spectrum should remain.
The true normalization factor is selected interactively by
manipulating the difference (i.c. interferent) spectrum. The
factor is correctly selected when all contributions from the
quariz in the interferent spectrum are reduced to zero. In other
words the standard quartz absorbance values are made the
same as the absorbance contributed by quartz from the sam-
ple mixture. The content of quartz can be readily calculated
by multiplying the known weight of quariz in the standard
(Wq) by the normalization factor, f: This is

Amount of quartz in mixture = Wq X f

Validation of this method is currently in progress and involves
evaluating known percentages of quartz in mixtures prepared
at SIMTARS followed by interlaboratory testing of standard
samples.

DISCUSSION

All the dust data obtained was incorporated in a data base con-
structed specifically for this purpose. The results are presented
in Tables I—VII. Almost 700 personal respirable dust samples
were taken over a 14 month period and of those some 150 were
analyzed for respirable quartz content. A significant number
of mine types (limestone, nickel, bentonite etc) did not have
a quartz problem and are not represented in the quartz
histograms.

The present Threshold Limit Value (TLV) for respirable
quartz is 0.2 mg/m? (although it will soon be lowered to 0.1
mg/m3). This TLV is an Australian variation of the current
ACGIH levels and results from a recommendation made by
the National Health and Medical Research Council (NH &
MRC, 1978). Epidemiological evidence in the Australian con-
text has not yet been able to establilsh the validity of the
NH&MRC recommended levels, Histogram representations
of the data indicate that approximately 20% of occupations
surveyed fail the respirable quartz TLV of 0.2 mg/m3 while
over 60% will fail when the level is lowered to 0.1 mg/m?.

The situation with quarries and gold mines is generally worse
with the figures being 40%/90% and 30%/50% respective-
ly. In practice there is concern since in 92 % of the personnel

quarry dust spectrur With inferferences reaoved
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Figure 1.
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Table I

Average Respirable Dust Concentration by Activity
(All Metalliferous Mines Surveyed)
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Table III
Average Respirable Dust Concentration by Activity
{All Gold Mines Surveyed)
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Table V
Average Respirable Dust Concentration by Activity
(All Quarries Surveyed)
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Table VI

Average Free Silica Concentration by Activity
(All Quarries Surveyed)
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Table VII

Mask Usage
(All Metalliferous Mines Surveyed)

n
(91.6%)

sampled, no respiratory protection was employed. This prob-
lem is now being addressed by SIMTARS with increased
quartz monitoring to study quartz exposure by occupation by
mine.

This survey represents the establishment of base respirable
dust exposure levels in the Metalliferous Mining Industry
which is in an expanding raw material resource economy.
Compared with other hardrock mines within Queensland
which have had the benefit of environmenta! and radiological
surveys, a relatively greater problem exists in these more
recently surveyed miines.

Pertinent data is being channelled to the regulating (Inspec-

torial) group within the Queensland Department of Mines.
Some positive progress has been made in recent months with
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( 0.6%)
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( 7.84)

the installation of dust extraction systems on an errant crusher
and several air track drilling systems. Impending occupational
health legislative changes which will bring Queensland in line
with the other Australian states should result in a more com-
mitted management safety philosophy.

Dust surveys of this nature will be carried out on an on-going
basis. This information base will be continually updated and
a series of annual reports will be produced which will
demonstrate the efficacy (or otherwise) of this nascent hygiene
management program.
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THE ACHIEVEMENTS IN DUST-CONTROL AND DUSTPROOF MEASURES
TAKEN SINCE THE FOUNDING OF THE PEOPLE’S REPUBLIC OF CHINA

QIUHUA QIN Eng. B.

Department of Economy, Technology and Labour Protection of the All-China Federation of Trade Unions

Mr. Chairman and fellow delegates,

At the invitation of the International Labour Office, the
Chinese trade union has been offered the opportunity to be
able to attend the VIith International Pneumoconioses Con-
ference. Therefore, 1 would like first of all to thank the ILO
for its kind invitatien. It is my wish, Mr. Chairman, to ad-
dress the Conference on our efforts to control dust in China
for the purpose of promoting mutual understanding, exchang-
ing information and experience in the course of this
Conference.

THE ACHIEVEMENTS MADE IN CHINA IN THE
DUST-CONTROL WORK

With regard to dust harm affecting our country, we insist on
priorities given to the preventive measures against dust harm
and apply the principle of three-stage prevention namely, at
the first stage, to eliminate dust harm and control dust sources;
at the second stage, to provide check-up regularly to ensure
the early diagnosis of diseases; at the third stage, to make sure
that diseases are controlled and treated at a possible early
stage. The stress is placed upon the first stage prevention when
applying the above-mentioned principle.

To apply this principle, the state, with the active participa-
tion of our trade unions, has formulated in the last thirty-odd
years a series of laws, decrees, instruments and standards. In
1956, ““The Safety and Health Regulations at Workplaces™
was promulgated and applied following which, **The Resolu-
tion on the Prevention of Silicon Dust Hazards at
Workplaces’ was published. Then ‘“101-56 Standard’’—
health design standards on dust concentration—was set by the
state, based upon which the maximum allowable concentra-
tion (MAC) of the dust is set to 2mg/m? if free silicon diox-
ide content is greater than ten percent in the dust and MAC
is set to 10mg/m? if less than ten percent. In 1958, the rele-
vant departments issued **The Provisional Regulations on the
Technological Measures Against Silicon Dust Hazards at
Workplaces,’” illustrating demands on the practice to control
dust. In 1962, the state formally promulgated ‘“The Health
Design Standards on the Industrial Enterprises,’” prescribing
in detail the provisions on ventilation and dust sources con-
trol at the workshops. In 1979, that Standard was revised. In
1963, ““The Managerial Measures against Silicon Dust
Hazard’” was put into practice on 2 trial basis in our country,
thus making our work on dust-control even more systematic.
Therefore, these laws, decrees and standards have constituted
a very important guarantee for the prevention and treatment
of pneumoconiosis. Particularly, in recent years, the State

Council, taking into account new problems arising from the
economic reform of our country, has made **the Decision on
Strengthening the Work of Preventing Dust and Toxicant and
Prneumoconiosis,” thus pushing the dust-control work further.

Positive steps have been taken in China actively by various
industries, enterprises and relevant departments in accordance
with the state’s laws, decrees and regulations. Three nation-
wide working conferences on dust-control were held in 1957,
1962 and 1985 respectively, summarizing and spreading after-
wards the experience on dust-control throughout the country.
In the field of dust-control, we focus our attention on our own
efforts by taking such comprehensive measures against dust
as: to transform old enterprises; to improve technology and
regenerate equipment. Of many years in China, we have found
out a number of ways of our own to prevent and treat
pneumoconiosis, i.e. mechanical ventilation; wet-operation;
dust-sealing; personal protection; maintenance and manage-
ment of dustproof installations; technological innovation and
improvement of technology; regular check-up for the workers
exposed to dust; propaganda and education on dust-control.
This comprehensive measure against dust has been proved by
the fact to be a successful experience suitable to China’s situa-
tion. And we have already achieved tangible results. Accord-
ing to the statistics collected from 16 key refractory factories,
the average working age to acquire silicosis in the 1950s was
7.55 years; in the 1960s 14.52 years; in the 1970s 20.73 years;
at the early stage of the 1980s it was 25.89 years, There has
been a big reduction in the dust concentration in factories.
Various steps have been taken to control dust in all industries
in accordance with their own industrial features and ex-
perience. Take coal mining for example. A whole series of
effective measures against dust has already been taken as
follows:

1. Wet-drilling;

2. Coal seam infusion to increase moeisture content;

3. Making use of ‘‘water stemming’” i.e. to suppress dust by
incompressibility and vaporization of water at exposure;

4. Spraying to minimize dust in the course of transportation
and blast loading;

5. Mechanical ventilation, dust suppression by water mist and
purification of airflow;

6. Replacing dry-mix shotcreting with wet-mix shotcreting;

7. Cleaning the fallen dust in the tunnels, cn the rock
sidewalls, support and road so as to prevent dust from
floating again.

Sucun Coalmine of the Xinwen Coal Mining Management
Bureau in Shandong province, well-known for its dust-control

1025



Respirators and Dust Controls

work throaghout our country, has taken nothing but the above-
mentioned measures. By so doing, up to now, none of the
miners employed in 1959 has suffered from pneumoconiosts.

In our country, great importance has been attached to train-
ing and scientific research in this respect. So far there are more
than twenty universities and colleges where departments or
specialities of safety and health bave been set up; there are
thirty-one research institutions with more than four thousand
research fellows all over China.

THE PRESENT COUNTER-MEASURES AGAINST
DUST IN CHINA AND THE ROLE OF THE TRADE
UNIONS

Being a developing country, in the last thirty-odd years since
the founding of the People’s Republic of China, tremendous
work has been done in the field of prevention and treatment
of pneumoconiosis and fairly great progress made. However,
as is known, the occurrence of pneumoconiosis is closely
related to the development of the industrial modernization.
China is now undergoing the primary stage of socialism under
which, except some modern industries, a large number of our
industries still remain guite backward, falling behind those
modern levels for several decades or even a hundred years.

In recent years, there has been a big boom of rural enterprises.

The mode of production in most of those rural enterprises is
fairly backward. Apart from that, our management and
technical levels on dust-control for the time being remain quite
backward on the one hand, and on the other, the level of
science, technology and culture of our workers as a whole is
not high enough. This is the situation in our country under
which dust harm still remains very serious and
pneumoconiosis can not be controlled yet. Therefore, we are
still faced with a very arduous task. I think that almost all the
developed countries in the process of their industrialization
have gone through this dust-harm stricken period, longer or
shorter, respectively. And this seems to be one of the com-
mon features of all the countries to prevent and treat
preumoconiosis. The crux of the problem lies in how we
should, proceeding from our own sitiation, draw lessons from
other countries so as to shorten this dust-harm stricken period.

» First, the government has promulgated **The Regulations
on the Prevention and Treatment of Pneumoconiosis®” and
inspects the application of the Regulations in enterprises of
different economic forms;

* Second, it is stipulated by our government that for the
newly-built, extended, rebuilt, on-going projects or those
projects introduced from abroad, the dustproof installations
must be designed, constructed and operated simultaneously
with the principal part of those projects mentioned above.
The state departments responsible for labour, health and
environment protection as well as the trade unions have the
rights to examine, check and approve the projects. Without
the signatures of the above-mentioned organizations, the
projects can never be put into operation, thus to ensure that
new dust sources will never be produced again;

e Third, a great importance is attached to the research on the
dust-free or dust-reducing techniques as well as new anti-
dust technique. In the course of our Seven-Five-Year plan,
the state has allocated special funds to place the item of oc-
cupational dust-harm control, prevention and treatment
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techniques into the state target projects of science and
technology, thus making efforts to resolve completely the
probiem of dust hazards:

¢ Fourth, it is necessary to enforce macro-control by the state
over the work of preventing dust, the management of enter-
prises and guidance to the industries and to carry out train-
ing on dust-control techniques for the leaders at different
levels and workers as a whole for the purpose of enhanc-
ing their awareness of preventing dust and the abilities to
protect oneself.

As far as our work on occupational safety and health is con-
cerned, the system of combining state inspection, management
by enterprises and industries and trade union surpervision is
practised. Therefore, the trade unions have important roles
to play in the dust-control mainly as follows:

1. To participate, representing the interests of their members
and workers, in the studies and formulation of laws and
decrees related to them.

2. To take part in the procedure of design, construction and
operation of the anti-dust installations related
simultaneously with the principal part of the projects and
to supervise the management of enterprises to bring the
dust under the control in a well-planned way and to draw
and use funds for dust-control purposes in accordance with
the regulations.

3. To organize and mobilize workers and trade union
members to carry out activities of technical cooperation
soas to pool the wisdom and efforts of everyone involved
to control dust.

4. To exercise mass supervision to raise criticism and con-
structive suggestions over those enterprises with dust
hazards problems. A deadline is imposed by trade unions
1o the settlement of the dust problem and workers and staff
members will be organized and supported by the trade
unions if necessary to refuse to work under serious dust-
harm stricken conditions of their workplaces.

5. To carry out an extensive education and propaganda ac-
tivities among the workers and trade union members.

6. To strengthen cooperations and exchanges with the
ILO/CIS and all the countries the world over, learning
from their advanced experience.

At present, the All-China Federation of Trade Unions is mak-
ing positive efforts to prevent pneumoconiosis. Last year, a
general survey was carried out in the dust-stricken enterprises
fromn all 29 provinces, municipalities autonomous regions ex-
cept Taiwan province of our country. In addition, a major
analysis was made to the 125 workplaces where dust hazards
remained serious still. As a result, the foundation has been
laid to better represent and safeguard the interests and rights
of the workers and staff members.

Mr. Chairman and fellow delegates,

I sincerely wish that through this Conference we will be able
to strengthen the exchanges and cooperations between China
and all the countries the world over, and at same time to ob-
tain useful experience and measures of other countries so as
to speed up the work to prevent and treat pneumoconiosis in
my country.

Thank you Mr. Chairman.
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RISK ASSESSMENT OF PULMONARY EXPOSURE TO
RESPIRABLE DUST WHILE WEARING DUST RESPIRATOR

UNDER SIMULATED WORK CONDITIONS

BEHZAD S. SAMIMI, MSPH, Ph.D,, CIH

Division of Occupational and Environmentat Health
Graduate School of Public Health

San Diego State University

San Diego, CA 92182-0405, USA

INTRODUCTION

One of the most serious problems influencing the effectiveness
of respiratory protection in the workplace is the degree of
fitness between worker’s face and respirator mask. This prob-
lem has been the focus of several investigators, particularly
during the past decade.!2-5-7.%-13 In spite of significant ad-
vancement in development of numerous types of respirator
masks, difficulties are still encountered with respect to the
ability of worker to obtain an efficient face seal with the mask
of a ““tight-fitting respirator.’” Despite the requirements for
thorough qualitative and/or gquantitative fit testing of tight-
fitting respirators on workers in order to select the best fitted
respirator mask, under actual working conditions the degree
of assurance as to (1) how long a respirator mask will remain
fit, (2) what factors affect the face-seal efficiency the most,
and (3) what would be the potential exposure risk involved,
are still uncertain. In addition to facial hair and morphology,
which have been studied by several investigators in the past,
factors such as repeated and prolonged head and body motion,
rate of respiratory ventilation, respirator strap tension,
temperature and humidity, etc. may affect the respirator fit
resulting in increased exposure risk to air contaminants.

In our laboratory, we have developed a unique automated mo-
tion and breathing system that utilizes NIOSH-adopted dum-
my heads. These dummy heads have been used by NIOSH and
other investigators for respirator bench test.

The purpose of this attempt was to develop a respirator testing
system that simulates the actual working conditions. The
prime objectives were: (1) to test the integrity of respirator
masks, (2) to study the effects of dynamic factors that affect
the respirator mask face seal such as head and body motion
as well as breathing rate and frequency. Other factors that may
also affect respirator seal, such as strap tension, temperature
and humidity, can also be studied with this system.

INSTRUMENTS AND METHODS

System Components

The experimental system consists of a dummy, referred to as
““Dusty’’, equipped with automated motion and breathing
system. Dusty is installed inside a 1000-liter inhalation

chamber and is connected to the motion and breathing systems
outside the chamber by means of cables and tubings. The ma-
jor components of the system are described below:

The chamber. The chamber is equipped with gas and vapor
generation systems and a Wright dust feeder. Other commonly
used aerosol systems such as DOP, minerai oil or salt aerosol
can also be used to generate the desired concentration of
aerosol. The aerosol concentration within the chamber is
monitored by means of a light-scattering particulate counter.
In case of use of gas or vapor for experiment, the concentra-
tion can be continuously monitored by means of an infrared
gas spectrophotometer and strip chart recorder. The chamber
is also equipped with a dynamic airflow system and necessary
gauges for temperature, pressure and airflow control. An elec-
trostatic precipitator followed by an absolute filter, con-
tinuously cleans the chamber air from air contaminants before
discharging it to the environment. (Figure 1)

Human-form dummy (Dusty). Dusty comes in three different
sizes: small, medium and large for use with various size
respirator masks. Dusty’s face is made out of soft and flexi-
ble plastic and approximates normal shape of human face.
Similar dummies, as stated earlier, have been used by NIOSH
Respiratory Research Section in Morgantown, WV, for
primarily Bench Test.2 (Figure 2)

Motor drive/indexers. The 3180-P1 Motor Drive/Indexers us-
ed in this system are line-operated, energy efficient motor
drive modules. An integral power supply provides the
necessary DC voltages required to operate the indexer and
drive. The indexer/drive modules are capable of driving step-
ping motors allowing a wide range of functions. The index-
ers are also used for memory storage up to 400 lines of pro-
gram in non-volatile memory.?

There are three drive indexers in this system: A, B and C.
Each drive/indexer controls one motion of the dummy in two
opposite directions. Drive/indexer A also controls the
breathing system.

Stepping motors. There are three stepping motors in the
system: 1, 2 and 3. These motors are controlled by
motor/drive indexers, A, B-and C, respectively. Each motor
runs in two opposite directions: positive and negative. For
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Figure 1. Inhalation chamber and automated motion and breathing simulators.

example, in vertical motion of Dusty, positive motion is
“moving up’’ and negative motion is *‘moving down.”” In
horizontal rotation (turning head) moving head to the left is
positive and to the right is negative. In vertical translation
(nodding head), forward head motion is positive and backward
movement is negative.?

Indexer programmer. The SSP-500 indexer programmer is
a dedicated programmer which is designed to be used with a
variety of drive/indexers including the 3180-Pl used in this
system. All functions, parameters, data, and commands for
the microseries indexers can be easily entered, edited, upload-
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ed and downloaded using this device. All information is clear-
ly displayed on the two-line by 40-character liquid crystal
display (LCD) panel. Seven function keys, Bi-Directional
Cursor Locators, Numerical Keypad, Entry, and Mode keys
provide easy and convenient data entry. All programming
functions are menu-driven, and are presented in a clear, easy
to follow sequence. The SSP-500 is designed to be either hand-
held or affixed on an exterior surface.*

Breather. The Breather is a box containing a vacuum/com-
pressor pump and two three-way selenoid valves which alter-
nate the flow of air from and to the vacuum/compressor pump.
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Figure 2. Human-form dummy (Dusty) used in the system.

The opening and closing of these valves are controlled by the
Drive/Indexer **A’". The frequency of opening and closing
of valves (same as respiration frequency) can be changed by
programming the Drive/Indexer through the Indexer Pro-
grammer. A breath warmer/humidifier is also used on the ex-
halation line. For inhalation, the computer opens up the two
valves in direction from the Dusty’s mouth toward the vacuum
pump; as a result, Dusty inhales the contaminated air from
the chamber through the respirator being worn. At the end of
inhalation cycle, the computer reverses the direction of airflow
by switching the two selenoid valves in the opposite direction,

i.e., from the pump toward Dusty; as a result, room air is
pushed through the warmer/humidifier and then into the Dus-
ty’s respirator cavity and out into the chamber through the
respirator’s exhalation valve. Volume and rate of breathing
is adjustable through the indexer programmer. Therefore, in-
creased rate of breathing can be set corresponding to the
assumed rate of a worker’s metabolic rate.

Portacount. Pertacount is a highly versatile particle-counting

instrument. It can accurately measure respirator fit factors,
filter penetrations, and particle concentrations. Based on the
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technology of continuous flow condensation nucleus counters,
the portacount counts individual airborne particles from varie-
ty of sources. The instrument has two modes: Count Mode
and Fit-test Mode. In the Count Mode, the portacount
measures the concentration of airborne particles, whereas in
the Fit-test Mode, the instrument measures the concentrations
of particles inside and outside a respirator and calculates the
respirator penetration or protection factor.?

METHODS

The system can be used to conduct variety of experiments on
respirators. For example, to assess the risk of dust exposure
associated with a specific respirator fit under a certain head
and body motion and/or breathing rate, the following pro-
cedure may be followed:

1. The ““test respirator”’ is fit-tested on Dusty’s face by means
of the Portacount, until satisfactory fit is achieved.

2. The Chamber is set on desired flowrate and dust (or other
aerosols) generation rates so that the desired concentra-
tion is achieved within a reasonable time, i.e., approx-
imately 5 minutes.

3. Dusty’s motion and breathing systems (as programmed)
are activated to run for a pre-determined length of time.

4. Dust concentrations outside and inside respirator is record-
ed continnously throughout the experiment. The extent of
dust penetration into the respirator either through the face
seal or any other route is detected at any time during the
experiment and recorded on the strip chart. Any fluctua-
tions in dust penetration for example, can also be matched
with the Dusty’s motion and breathing pattern. Such ex-
periment is expected to provide answers to questions such
as: (1) how long the respirator mask remains fit before a
dust leak occurs? (2) which movement disturbs the
respirator face seal, and to what extent? (3} what would
be the effect of inhalation (negative pressure inside
respirator mask), exhalation and/or breathing rate on dust
penetration through the respirator? and (4) what would be
the estimated risk of dust exposure involved under a set
of conditions.

Operating the Robotic Dusty

Programming and operating the motion/breathing system, as
stated earlier, is done through the Indexer/Programmer
(Figure 3). The following is an example of the many programs
used in this system. In this example, Dusty will carry out a
consecutive combination of head and body motions: i.e., turn-
ing head, pumping tire, jogging in place, bending, turning
head while bending, and wrning while nodding. These mo-
tions will be accompanied by breathing at a rate of 15 respira-
tions per minute and approximately 750 mL of air per
respiration.

When using this program, the first mode appearing on the
display of the Indexer/Programmer is the ““OPERATING
MODE"" (Figure 3). The functicn key beneath each lower-
case word will act on that word. For example, f7 key activates
the indexers. Pressing this key will bring the display in Figure
4 which is *‘SELECT FUNCTION"". Pressing f7 key (mo-
tion) again will move the system to the **MOTION"’ options
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(Figure 5). Here, the operator has several options; however,
in this example, pressing f3 key (exec) would be the right
choice. The next display {(Figure 6) is “EXEC MOTION"",
Here again, several options are available; however, since the
operator is asking Dusty to carry out all the motions, f4 key
(all) should be pressed which will activate all indexers. This
will take the operator to the last step of this program: *“AUTO
EXEC MOTION"* (Figure 7). Out of several options available
in this mode, pressing f1 key, CYCST (Cycle start) will start
the system. Dusty will start the head and body motions, as
stated earlier, in a consecutive fashion while breathing. In-
dexer/Programmer display during the operation would be
““AUTO EXECUTING” (Figure 8). The systern will continue
to operate until the end of pre-set time on the program unless
the operator wishes to stop the system at any time by press-
ing f1 key (stop). Pressing f4 (hold) may also be used should
the system have to be stopped momentarily.

The robotic Dusty can also be run manually for each single
motion by pressing fl (man) in the ‘“MOTION" mode
(Figure 5). The next screen will show “ATT'N INDXR
{01-99)’* (Figure 9). The cursor on this screen will be flashing
asking for the Drive/Indexer number of choice. Using the
numeric key pad, one of the three indexers is activated by
typing a zero and then the Indexer number: 01, 02 or 03. Once
an Indexer is chosen, the ‘““DATA ENTRY" key on the
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Indexer/Programmer is pressed to activate the next screen of
choice: **“MANUAL MOTION"’ (Figure 10). The number in
the upper left, here shown as **OX"*, will be the number of
the indexer chosen. Several options are available on this
screen. The one primarily used in manual control of the system
is 2 (Jog). Pressing f2 will activate a continuous motion of the
Dusty depending on the Indexer number chosen. The screen
appearing during this operation will be *“JOG MOTION"".

In addition, the system can be programmed and executed to
carry out varieties of desired motions or combination of mo-
tions (up to 999 choices). To execute the desired motion, 5
key (N) should be pressed during the AUTO EXEC MOTION
(Figure 7). Using the numerical keypad, the desired motion
number is then entered and followed by pressing ‘‘DATA EN-
TRY"’ key. The system is now ready to execute the desired
motion indefinitely by pressing f1 key (Cycst).

If the system is stopped at any time during the operation, Dusty
must be ‘‘returned’” to its ‘electrical home’* before a new cy-
cle can be started. This is done by pressing f6 key (reh) in
“MANUAL MOTION’" mode (Figure 10).
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RESPIRATORY PROTECTION EQUIPMENT PERFORMANCE

STANDARDS IN DEVELOPING COUNTRIES

D.P. WILMES + P.E.Olsen ¢ L. Hendricks

3M Occupational Health and Safety Products Division, Building 260-3-02, St. Paul, MN 55144, USA

Respirators are a very important factor in the line of defense
against pneumoconioses. In less developed countries where
resources are very limited to control the disease producing
dusis and mists, respirators are probably the only viable
method available for worker protection. Unfortunately, in
these same countries, there are few standards or regulations
governing the performance or use of respirators. Standards
and regulations need to be developed to assure an adequate
level of respirator performance and their proper use.

An effective certification procedure need not be complicated,
especially for particulate respirators. Modern technology has
made evaluation of the performance of respiratory protection
much easier and more reliable than in the past. Simple pro-
cedures can be implemented to assure continued compliance
with the standards.

For respirators offering protection against harmful dusts and
mists the following aspects of respirator performance must
be addressed:

1. Particulate penetration
2. Breathing resistance

3. Respirator fit £

1 would like to briefly discuss each of these aspects along with
my recommendations as to how they can best be addressed
in a certification program.

The most important aspect of respirator performance is its
ability to exclude through its filters and compaonents the harm-
ful dust from the breathing air of the worker in a contaminated
environment, In the past, filters or the entire respirator would
be challenged with a laboratory generated test agent, such as
silica dust. Air would be drawn through the respirator or filter
at a specified rate. The amount of dust penetrating the filter
or respirator would be collected on a second filter. After a
specified period of time the second filter would again be
weighed and the performance of the respirator reported as the
total particulate penetrating the device, or the percent efficien-
cy of the respirator or filter, if the challenge concentration was
measured. This is the current NIOSH certification test.

The results of such tests are kighly variable and are often poor
predictors of actual respirator performance. For example two
respirators that give equivalent results on the NTOSH silica
dust test could give differing results if the instantaneous
penetration were measured at any given time during the test.
The old methods simply do not have the analytical sensitivity
necessary to measure the actual performance of respirators.

In addition the equipment necessary to perform such a test is
very expensive and difficult to operate and would consume
a great deal of the testing agency’s time.

Fortunately technology has simplified particulate respirator
performance evaluation. Commercial equipment is now avail-
able to test particulate respirators in a manner applicable to
respirator certification. This equipment uses a small worst
case test aerosol so extrapolation to the aerosol found in the
workplace is unnecessary. In European certification testing
the aerosol is sodium chioride or paraffin oil generated by a
controlled atomization.

TSI Inc. of St Paul, Minnesota, for instance, manufactures
a unit that reliably and accurately measures the filtration per-
formance of respirators. Their equipment can function with
a variety of test acrosols. We have evaluated this test equip-
ment with very encouraging results. The state of the art equip-
ment was able to reproducibly measure filter performance
with a coefficient of variation of less than 4% whereas the
silica dust test has a coefficient of variation typically in the
range of 60%.

The new equipment costs less than 20% of what a silica dust
chamber would cost and is essentially a ‘‘turn key’’ test
whereas the dust chamber would take at least 13 months to
build and start up. This type of filter efficiency testing cor-
relates very closely with tests that are performed in Europe
and what is currently being proposed for use in the United
States.

The second important aspect of respirator certification is the
determination of acceptable breathing resistance of the
respirator. This atiribute of 2 respirator is important because
it affects the user acceptance of the respirator. A respirator
not worn when it should be will offer no protection. Deter-
mination of breathing resistance is a simple matter. In fact the
state of the art filtration testing equipment automatically
measures breathing resistance while determining filter
efficiency.

The last aspect of respirator performance that requires ad-
dressing is facefit, In order for a respirator to provide ade-
quate protection it must seal to the wearer in some manner that
excludes the harmful dusts from penetrating the interface be-
tween the respirator and the wearer. This ability to seal is
termed facefit. There are many accepted methods for deter-
mining how well a respirator fits. Because of limited time I
will not discuss these methods but rather discuss approaches
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of applying facefit testing to a respirator certification program.

Faces are highly variable. They come in many sizes and
shapes and contain highly variable features. Generally, no one
model of respirator will fit all faces. No one to date has been
successful predicting the fit of a respirator on an individual
using any scheme. Yet fit is a very important aspect in
respiratory protection.

Generally two approaches have been used to address this prob-
lem. A method that is currently used in Europe and elsewhere
requires that a respirator demonstrate some level of minimum
fit on a substantial percentage of people on a test panel dur-
ing the certification process. The fit of the respirator on the
actual user is then largely ignored during actual use. The other
method currently used in this country is to minimeally address
fit in the certification process but require through respirator
use standards that an acceptable level of fit be determined on
each respirator wearer. The first method acknowledges that
some percentage of respirator users will not be protected
because their respirator does not adequately fit whereas the
second method places a burden on the employer to find a
respirator that fits the individual if respiratory protection is
required.

I believe that the second method is a much mere protective
standard. The availability of a greater variety of respirator
sizes, shapes and models in this country than in Europe is in-
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dicative that this method provides respirators with potential-
ly better facefit.

I believe that a respirator certification scheme should require
that a respirator manufacturer in the respirator user instruc-
tions specify a validated fit test must be performed to assure
adequate facefit before the respirator can be relied upon for
protection. This would provide assurances that the user has
a respirator that adequately fits.

These three items are the most important aspects of a
respirator certification program. However, a method of en-
forcement must also be implemented to assure continued com-
pliance. The best method to accomplish this is for the agency
to purchase product from the open market and test for
compliance.

Before effective respiratory protection can be assured
respirator use standards must be developed. If the proper
respirators are not selected, if adequate fit cannot be ascer-
tained and if the respirator wearers are not adequately trained
in the proper use of the respirator protection will not be
assured.

With the advancement of technology and existence of prac-
tical respirator use standards as models, regulations and stan-
dards should be adopted to assure adequate protection is
available against pneumoconioses producing dusts and mists.
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OPTIMIZATION OF FREELY SUSPENDED EXTERIOR

HOODS IN INDUSTRIAL VENTILATION

NURTAN A. ESMEN, Ph.D. ¢ Dietrich A. Weyel, Sc.D.
University of Pittsburgh, Graduate School of Public Health, Pittsburgh, Pennsylvania, USA

INTRODUCTION

In the design of an exterior hood, the value of the airflow rate
through the hood can be found if specification of the *‘reach’
of the hood is given. By the reach of the hood we mean a set
of air speeds induced by the hood, to be achieved or exceed-
ed at specified locations in front of the hood. If the velocity
profile generated by the hood air flow is known, the problem
is simply matching the velocity profile with the specifications
to obtain the flow rate which will achieve the correct air
speeds. There are a number of expressions which give velocity
profiles with about equivalent accuracy.!#* Thus, any one of
these expressions can be used to design a hood. Clearly, if the
air speed specifications are given correctly, then the capture
efficiency of the hood is expected to be optimal. It must be
noted that the optimum for the capture efficiency can be made
independent of cross currents, because the effect of cross cur-
rents can be inchuded into the specification of the air speed.
This seemingly direct and simple method of computation,
which determines the minimum flow rate to accomplish the
desired result, is flawed with respect to the mechanical effi-
ciency of the hood. This flaw is due to the a priori selection
of the hood geometry and orifice size without a quantitative
investigation of the possibilities of achieving the same end
result with 2 hood of different geometry and/or orifice size.
Although the experience of the designer may be invoked as
an influencing factor in the design, even for an experienced
designer it is unlikely that the consequences of such alter-
natives have ever been a consideration.

In order to simplify the theoretical development, it will be
assumed that a specific value of air speed on all points of a
regular geometric shape defined on a plane located in front
of a hood is given as the design criterion for the hood. It is
important to note that the restriction of specification surface
to a plane rather than a curved surface will not give a general
solution. Therefore, it may be considered to be a limitation
of the theoretical development. However, such a specifica-
tion would be sufficiently common in the industrial applica-
tions and more importantly, the methodological approach can
be presented without undue complexity of the mathematical
formulation so that the results would be useful to a ventila-
tion system designer.

THEORETICAL CONSIDERATIONS

In the investigation of the implications of hood orifice
geometry and in the selection of proper size of the orifice, the
development of the theory is facilitated if the specification

geometry is chosen in a way that the distances measured from
the point on the hood is readily accomplished. This will sug-
gest that the shape of the specification surface is symmetric
with respect to both of the axes of the plane. An oblong or
a circle would satisfy this criterion. Since a square has four
extremal points, then the structuring of the optimization prob-
lem can be reduced to matching the air speed generated by
the hood to the specified air speed at the extrema. This pro-
cess would be sufficiently general, in the sense that the
specification can be in terms of a component of a vector.

Suppose it is necessary to generate air speed of V¢ at the sur-
face of an oblong located on a plane parallel te the hood sur-
face and centered on the x-axis with its sides parallel to the
xz and yz planes. Furthermore, suppose that it is necessary
to keep the hood face velocity equal to or below a specified
value V,;. Let A and B be the maxima of the y and z coor-
dinates respectively. For an oblong hood, with sides a frac-
tion ¢ of A and B placed with its center at the origin (Figure
1) minimization of the flow rate Q might be sought by the ob-
ject function:

Q =12 f(a,b,h) V¢ (1
Subject to:

Vc f(a,b,h)/ dabc? < V, )]
where,

a = Dimensionless specification oblong side, A/L

b = Dimensionless specification oblong side, B/L

h = Dimensionless distance to the specification surface,

H/L

For an oblong orifice, the function f(a,b,h) may be shown to
be represented by the non-dimensionalized velocity scaling
function (1) multiplied by the hood orifice area:

f(a,b,c,h) = x(a+b)er+2ar? +4abc(c+h(a+b)/
(a2 +b%))* 3
with,
r2 = h?+(1-c)? 0
Equations 1 through 4 can be extended directly to a circular
orifice by taking c.L to be the radius of the orifice. In such
an extension, Equations 2 and 3 will have to be modified to

conferm to the description of the flow field in front of a ¢ir-
cular orifice. The modified equation for a circular orifice hood
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Figure 1. The parameters and the configuration used in the derivation of hood optimization.

may be shown to be 3:
fc(a,b,c,h) = x2(cr+r2)/2+xc(c?+Kh?)% )
K = 4/(x2-2x)

m:

Ve fa,bh)/x(@ +b2)c? < V, ®)
The minimum sought may be found directly by differentiating
either equation 3 or equation 6 with respect to ¢ and finding
the root of the resulting equation which is between zero and

one. For an oblong orifice, the non linear equation to be solved
is:

b2 +1-3c+22
m2+1-2c+c?) ¥

and similarly for a circular orifice:

re-T+Aabe 22+hath) g ()

w(a+b)
: 2 +h(a+b)) *

x o _hi+1-3c+2c2
2 @+12+P) #
If the specification surface, instead of oblong, is a circular one

then calculation process may be modified by taking two dif-
ferent values for square or circular hoods. It may be shown

22 +Kh

= 8
(c2+Kh) % ° ®

+x(c-1)+
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that for a square orifice hood the square hood A = Band L
= A2 and for a circular orifice hood L = A. With these
altered specifications equations 1 through 8 apply to optimiza-
tion without further change. (Table I)

In general, the process of calculation is straight forward and
with the use of a computer presents no significant problems.
However, in certain cases no root may exist in the zero to one
interval. This suggests that the global optimum design does
not exist for that condition. This situation will arise when the
dimensionless frontal distance h is sufficiently large. Conse-
quently, the local optimurmn which is defined by the maximum
face velocity specified in equation 2 or 6 and the correspond-
ing orifice size may be used.

For infrequent design problems where the use of a computer
is not warranted or for those who do not have ready access
to a computer, there are a number of simplifications, albeit
limited, that reduce the calculations to sitnple use of tables.
To develop these simplifications, consider the specification
surface to be bounded by a square, i.e. the sides are such that
A = B. Then the optimization can be carried out utilizing the
values shown in Table II. The simplest use of this table may
be illustrated by an example. Suppose the spectfication sur-
face is located 10 cm from the hood plane with A = .0.25m.



If the air speed desired on this surface is 1 m/sec and the max-
imum face velocity allowed is 25 m/sec then the optimum hood
size for a square hood is calculated as follows:

L = AV2 = 0.35355 thus h = H/L = 0.283. Therefore,
interpolating the proper values from Table II, f(h) = 3.6191
and c = 0.784; consequently, the optimum value of the side
of the square hood is 19.6 cm and from equation 1 the a
volumetric flow rate is 0.45 m*/sec. Similarly, for a circular
hood, the optimum radius is 22.5 cm and the flow rate is
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0.49 m3/sec. Thus for this simple illustration, a square
orifice hood would be an optimum choice.

If the example above is recalculated using a circular specifica-
tion, the optimum square hood would be the same, but the op-
timum circular hood would have L = (.25, h = 0.40 which
results in a hood radius of 13.0 cm and flow rate of .31
m?3/sec. In this case a circular hood would be superior.

It is important to note that the theoretical results developed

Table I
Optimization Parameters for Squares and Circles

Dimensionless Circle Square

Distance C f{a,h) C f{a,h)
0.05 0.9351 2.2007 0.7734 3.1161
0.10 0.8926 2.4464 0.7344 3.2874
0.15 0.8594 2.7265 0.6953 3.4966
0.20 0.8291 3.0372 0.6641 3.7355
0.25 0.8018 3.3768 0.6211 3.9989
0.30 0.7754 3.7440 0.5859 4.2843
0.35 0.7598 4.1381 0.5508 4.5893
0.40 0.7266 4.5588 0.5156 4.9126
0.45 0.6992 5.0057 0.4805 5.2530
0.50 0.6758 5.4785 0.4414 5.6094
0.55 0.6562 5.9770 0.4062 5.9811
0.60 0.6328 6.5012 0.3672 6.3672
0.65 0.6104 7.0511 0.3203 6.76617
0.70 0.5869 7.6263 0.2634 7.1790
0.75 0.5635 8.2270 0.2266 7.6030
0.80 0.5400 8.8531 0.1719 8.0375
0.85 0.5166 9.5044 0.1094 8.4809
0.90 0.4932 10.1810 0.0312 8.9307
0.95 0.4688 10.8828 2 —-m-me | memeee
1.00 0.4434 11.6098 = —emmee memeee
1.06 0.4209 12.3619 = e mmeeeo
1.10 0.3965 13.1391 @00 meemem mmeeee
1.15 0.3721 13.9414 2= m—emem | mem——--
1.20 0.3467 14.7688 2  ~—m-we | emeee-
1.25 0.3203 15.6211 = @0 —ceeee em———w
1.30 0.2949 16.4984 2 sem—ee | m—eme--
1.35 0.2695 17.4007 0 mcemee | mmm——e
1.40 0.2441 18.3278 2 ————em | mmmmme
1.45 0.2148 19.2799 =00 mee—ee em——e—
1.50 0.1914 20.2567 9= —————=  =—s————

Circular orifices with maximum face velocity:

2

L fc(a,b,h) Vc -

T{a

+b2)c

Oblong orifices with maximum face velocity:
- 4 abc” V_, = 0O

L? £(a,b,h) v,

0
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Design

CASE 1
Traditional
Square
Optimum
Square

CASE I1

Traditional
Oblong

Optimum
Oblong

CASE III

Traditional
Oblong

Optimum
Oblong

CASE IV

Traditional
Square

Optimum
Square

CASE V

Traditional
Square

Optimum
Square
Circle

B
vert.

cm

15

20

10

20

20

Table 11
Comparison of Traditional and Optimized Designs
(Unit Control Speed)
A H Diameter Width
Hor. or
Height
cm cm cm cm
15 15
30 -
27 -
30 25
40 60
33 49
20 30
20 40
12 24
20 25
40 -
25 -
20 10
40 -
19 -
15 -

Flow

m 3/sec

0.354

0.254

0.902

0.880

0.889

0.830

0.421

0.358
0.359



above are not inherently limited to applications which involve
specification surfaces assumed in the development. Obvious-
ly, if the specification surface is not nearly a square circular
or square orifice hoods will be inherently inappropriate but
must be replaced by oblong orifice hoods. Finding the roots
of the derivative of the objective function may be carried out
by hand but such a calculation would be cumbersome.
Although the computerized solution is simple, when a com-
puter is not available, the optimization of each dimension of
the orifice may be carried out approximately, one at a time
by treating each side as an independent imaginary square
hood. Although the orifice dimensions determined in this man-
ner may not predict the exact optimum design values, the
resulting dimensions are expected to be near the optimum
values. The flow rate for such an orifice cannot be calculated
directly from Equations 1 to 4.

EXPERIMENTAL RESULTS

The direct experimental verification of the optimization
procedure given above is at best cumbersome. Such an ex-
periment would involve the construction of a very large
number of hoods. However, an indirect experimental verifica-
tion of the procedure may be accomplished by showing that
a few representative hoods may be constructed and studied.

A 4x8

O

(&)

o
!

O
O
a

O
(@)
s
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002

MEASURED FLOW RATE, m¥sec
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In the experimental study carried out to verify the theoretical
calculations indirectly, thre¢ oblong hoods were constructed.
These hoods were 5 cm by 5 cm square, 3 ¢cm by 5 cm ob-
long and 4 cm by 8 cm oblong. With hood opening fixed, con-
ditions under which these hoods will be optimum were
calculated for different values of frontal distance and for
each condition, the optimum flow rate was predicted. The air
speed was measured at each, the theoretically determined
specification point and the flow rate was adjusted until the air
speed specification is fulfilled. This experimentally deter-
mined flow rate was then compared to the theoretical flow
rate. All air flow and air speed measurements were carried
out by hot wire anemometry. The hot film sensor in X con-
figuration was calibrated in our laboratory and it is capable
of measuring velocities with good accuracy and reproduci-
bility. The hood airflow measurement was carried out by
measuring the air speed by a traverse as close to the orifice
plane as possible.

The comparison of the calculated optimum and the measured
flow rates are given in Figure 2. The results suggest that the
optimization procedure is satisfactory and perhaps slightly
pessimistic in the indication of the flow rate required. On the
average, about 10 percent less flow was required than it was
calculated as necessary.

1 1

o) 1 i |
O 001 002

003 004

005 006

THEORETICAL FLOW RATE, m¥sec
Figure 2. Comparison of theoretically and experimentally obtained flow rates for three hoods.
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DESIGN APPLICATIONS AND DISCUSSION

The application of the results presented above to the design
of frecly suspended hoods with single square, circular or
oblong orifices is a straight forward process but it must be
recognized that the success of the hood design based on such
calculations will ultimately depend upon the correct specifica-
tion of the velocities to be generated at specific locations. The
estimation of these velocities is beyond the scope of this paper
and may be found in manuals dealing with currently accepted
practice, If the specification surface is judged to be a curved
surface rather than a plane or if the vector components of the
velocity at specified points are sought, new objective func-
tions following the theoretical development above can be
found. Alternately, the hood size may be selected at an ex-
termal point by considering that point to be one of the ver-
tices of an oblong specification surface and the proper flow
rate through the system can be calculated by point matching
between the generated flow field and the required flow field.

In order to show the efficacy of the optimization procedure
developed here, five hypothetical cases were compared to the
traditional design procedure. The results of this comparison
are shown in Table II. For the cases shown in Table II, the
efficiency gain through optimization is about 13 percent with
arange from 2 to 30 percent. These cases were not constructed
with a forethought to show the effectiveness of the optimiza-
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tion procedure, but rather they were arbitrarily selected. Since
the optimization process is based on the velocity profile in
front of the hood, and the traditional design procedure which
is based on the adjustment of the centerline velocity of the
hood, then the hood designed by the optimization procedure
ensures that the air speeds specified on the specification plane
are satisfied. On the other hand such a statement would not
necessarily be correct for the design based on centerline
velocity. Consequently, the hoods designed through the pro-
cess described above would always have a superior total ef-
ficiency as compared to the traditionally designed hoods.
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SIGNIFICANT REDUCTION OF QUARTZ DUST CONCENTRATIONS
IN THE NATURE STONE INDUSTRY DUE TO THE INTRODUCTION

OF VENTILATION SYSTEMS

VERRINGERUNG VON SCHADSTOFFKONZENTRATION DURCH
LUFTUNGSTECHNISCHE MASNAHMEN IN DER

NATURSTEININDUSTRIE
ROBERT FEIGHOFEN, Dipl.-Ing.

Steinbruchs-Berufsgenossenschaft, Hannover, F.R. Germany

EINLEITUNG

Die wirksame Erfassung luftfremder Stoffe und ihre
gefahriose Niederschlagung stellt eine der zentralen
Arbeitsschutzmafnahmen dar. Beim Umgang mit diesen Stof-
fen konnen diese in Form von Stauben, Gasen oder Dampfen
in den Arbeitsbereich der Beschaftigten gelangen.

Im Bereich der Steinbruchs-Berufsgenossenschaft haben wir
es vor allem mit silikogenen Stauben zu tun. In der Natur-
steinindustrie, heir insbesondere in der Granitindustrie, war
es dringend notwendig, Mafnahmen zur Emissionsminderung
zu ergreifen. Eine der Mafnahmen zur Emissionsminderung
war die Erfassung luftfremder Stoffe an der Emissionsquelle
Die hierzu notwendigen Einrichtungen waren in ihrer
Wirkung zu optimieren. Fur die Berechnung lagen seiten
geschlossene Losungen vor, vielmehr war man auf Praxiser-
fahrung angewiesen.

Moglichkeiten der Verringerung von Schadstoffkonzentra-
tion durch luftungstechnische Maﬂnahmen sollen an
Beispielen der Staubbekampfung in der Granitindustrie
aufgezeigt werden.

TECHNISCHE SCHUTZMASNAHMEN

Allgemeines

Die Absaugeinrichtung soll den bei den Bearbeitungs-
vorgangen entstehenden Feinstaub an der Ausbreitung uber
die Entstehungsstelle hinaus hindern.

Der nicht flugfahige Grobstaub sedimentiert schnell und
lagert sich ab. Der Feinstaub dagegen breitet sich mit jeder
Luftstromung aus. Er gelangt in die Atemzone und sein
Anteil kleiner als 5 um in die Atemorgane. Die Erfassung des
Staubes an der Entstehungsstelle kann z. B. bei der Verwend-
ung von Druckluftwerkzeugen durch eine das Werkzeug
weitgehend umschliefende Kapselung oder durch
punktformige Absaugung erfolgen.

Bei uberwiegender Handarbeit oder auch bei Verwendung von
Schleif —oder Trennwerkzeugen in geschlossenen Hallen
werden als Erfassungselemente vielfach Saugtrichter in den

unterschiedlichsten Formen eingesetzt. Bei maschineller
Bearbeitung werden Kapselung, Absaugdusen oder auch die
Absaugung durch eine Bohrung im Werkzeug angewandit.

Stauberfassung bei der Bearbeitung mit Werkzeugen
1. Kapselung

In der Granit-Werksteinindustrie befinden sich eine grofie An-
zahl der Arbeitsplatze im Freien oder in halboffenen
Steinhauerhutten. In diesen Hutten werden uberweigend
Rand-, Leisten-, Grenz- und Mauersteine hergestellt. Fur die
erbeitung werden Druckluftwerkzeuge verwendet.

Eine Erfassung des bei der Bearbeitung entstehenden Staubes
kann an diesen Arbeitsplatzen nur durch eine moglichst
weitgehend das Werkzeug umschliefende Kapselung
erfolgen.

In den fruheren Jahren hatte man sich bei der Staub-
bekampfung an diesen Arbeitsplatzen uberwiegend auf den
Arbeitsvorgang “‘Stocken’” konzentriert, da hierbei die
grofte Staubentwicklung auftrat.

Es wurde als Stauberfassungs-Einrichtung fur diesen
Arbeitsvorgang zunachst der Schardinger Topf entwickelt.
Der ““Topf™ wird uber den Meifelhals gesteckt und ist an
diesem festgelegt. Der ‘“Topf” selbst liegt auf der zu
bearbeitenden Flache und wird mit dem Keillochhammer
zusammen uber die Flache gefuhrt. Bedingt durch die
Bewegung uber die rauhe Oberflache des Werkstuckes wird
er stark abgenutzt. Auch ergeben sich gelegentlich
Schwierigkeiten beim Bearbeiten an den Kanten der
Werkstucke.

Beim sogenannten Hauzenberger Topf wurde eine neuer Weg
beschritten. Der Absaugkopf ist an einem Rillenstuck,

welches die Haltemutter des Hammers ersetzt, drehbar
angebracht. Mit einem Handgriff kann der Absaugkopf auf
die jeweilige Lange des Werkzeuges eingestellt werden. Der
untere Rand des Topfes soll sich stets im geringstmoglichen
Abstand uber dem Werkstuck befinden. Bedingt durch das
zusatzliche Gewicht mussen die mit dem Hauzenberger Topf
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ausgestatteten Hammer von einer besonderen Fuhrung
gehalten werden. Ein freihandiges Arbeiten ist nicht moglich.

Eine Weiterentwicklung des Hauzenberger Topfes ist eine
Gummihaube mit seitlichem Saungstutzen. Diese Gummihaube
wird fest mit dem Stockhammer verbunden und beim
**Stocken” mit Hartmetallwerkzeugen verwendet. Der Ham-
mer kann auch von Hand gefuhrt werden.

Schwierigkeiten bei der Benutzung dieser Absaugeinricht-
ungen treten beim Bossieren, Spitzen und Keillochmachen,
d_h. bei Arbeiten mit dem Spitzeisen auf.

Bei der groben Bearbeitung von Flachen ist es notwendig,
den Hammer in mehrere Richtungen zu bewegen. Fur diese
Arbeitsvorgange, die auferdem noch mit Spitzeisen
unterschiedlicher Lange durchgefuhrt werden, waren die
starren Absangtopfe nicht geeignet. Ein Heranfuhren der Ab-
saugduse an die Bearbeitungsstelle war nicht moglich.

In den letzten 10 Jahren ist es gelungen, auch Einrichtungen
zum Erfassen des Staubes fur diese Arbeitsvorgange zu
schaffen und zu verbessern. Die Stauberfassungs-
Einrichtungen bestehen aus einer Gummikappe mit seitlichem
Saugstutzen, die uber die Haltemutter des Keillochhammers
gezogen wird. In eine in dieser Grundhaube angebrachte Nut
werden die mit einem Falz verschenen Absaugdusen von
unterschiedlicher Lange und Form fur die verschiedenen
Arbeitsvorgange eingesteckt.

Man ging auch hier wieder davon aus, den Staub moglichst
nahe an der Entstehungsstelle zu erfassen. Je naher die Er-
fassung des Staubes an der Entstehungsstelle erfolgt, desto
geringer kann die erforderliche Absaugluftmenge gehalten
werden. Das bedeutet wiederum, daff die Absaugvorrichtung
am Hammer klein und gering im Gewicht und der er-
forderliche Absangschlauch auch klein im Durchmesser
bleiben konnen.

Im unmittelbaren Zusammenhang mit einer Absaugluftmenge
steht auch die Grofe der Anlage und damit deren Kosten.

2. Punktformige Absaugung

Fur verschiedene Arbeiten mit schlagenden Drucklufi-
werkzeugen, uberwiegend in geschlossenen Hallen, wird die
Punktabsaugung verwendet. Die Absaugung erfolgt mit einem
flexiblen Saugrohr oder Schlauch. Der Schlauch oder das
Sangrohr sind am Drucklufthammer befestigt. Das Ende des
Schlauches bzw. des Rohres ist 5o nahe wie moglich an die
Entstehungsstelle des Staubes nachzufuhren, damit eine
ausreichende Erfassung des Staubes erfolgt. Bei der Punktab-
saugung wird ebenfalls mit einer geringen Absaugluftmenge
gearbeitet.

3. Absaugung mit dem Saugtrichter

Es ist allgemein bekannt, da auch bei der Steinbearbeitung
mit Handwerkzeugen eine erbebliche Staubentwicklung
auftritt.

In diesen Fallen ist eine Erfassung des Staubes nur durch
Saugtrichter moglich. Diese Art der Absaugung erfordert
jedoch wesentlich hohere Absaugluftmengen als bei
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Kapselung oder Punktabsaugung. Bei Verwendung von
Drucklufiwerkzeugen oder elektrisch angetricbenen
Werkzeugen ist besonders darauf zu achten, daf die
Flugrichtung des Staubes zur Haube hin zeigt.

4. Absaugung mit Absaugtischen

In Jura-Marmorbetricben werden bei der Steinbearbeitung
auch Absaugtische eingesetzt.

Bet trockener Bearbeitung von Kanten mit Elektrowerkzeugen
wird hier der Staub uber einen unter dem Tisch eingebauten
Entstauber abgesaugt. Bei Arbeiten mit dem Absaugtisch ist
darauf zu achten, dag die Halterung fur das zu bearbeitende
Werkstuck entsprechend nachgestellt wird. Die zu
bearbeitende Kante muﬁ moglichst nahe der Ansaugoffnung
liegen. Nur so kann eine einwandfreic Erfassung des Staubes
erfolgen.

Hilfseinrichtungen

Aufler bei den Stockarbeiten mit Gestangefuhrung des
Druckluftwerkzeuges bereitete das Nachfuhren der Er-
fassungseinrichtungen und der Schlauche stets
Schwierigkeiten.

Dieses Problem ist jedoch weitgehend gelost. Bei Drucklufi-
werkzeugen, bei denen die Erfassungseinrichtungen unmit-
telbar am Werkzeug angebracht sind, werden Druckluft- und
Saugschlauch gemeinsam uber einen Gelenkarm zum
Werkzeug gefubrt. Der Gelenkarm mit aufgesetztem
Pendelarm hat eine Lange von ca. 3 m, so daf ein
ausreichend grofier Schwenkbereich vorhanden ist. Eine
Zugentlastung sorgt fur den Gewichtsausgleich.

Bei Anlagen mit Saugtrichter wird dieser an eine nach allen
Seiten bewegliche und in der Hohe verstellbare Rohrleitung
angebaut oder der Trichter befindet sich an einem flexiblen
Schlauch bzw. an flexibel uber Schlauchstucke verbundenen
Rchren, die an Gelenkarmen verschiedenster Bauart befestigt
sind. Die Lelchtgangl gkeit der Gelenkarme muf stets
gewahrleistet sein, da die Saugrussel sonst nicht standig
nachgefuhrt werden. Eine ausreichende Staubabsaugung ist
dann nicht mehr gegeben.

Sind die Hilfseinrichtungen umstandlich zu handhaben oder
schwergangig, so wird die gesamte Staubabsaugung in der
Regel von den Arbeitern abgelehnt.

Staubabsaugung bei Bearbeitung mit Maschinen
1. Pflasterstein-Spaltmaschine

Der beim Spalten entstehende Staub wird durch seitlich neben
dem Obermesser und unter dem Tisch angeordnete Dusen
abgesaugt.

2. Randstein-Stockmaschine

Mit der Randstein-Stockmaschine werden die von Hand grob
vorbereiteten Steine durch im Innern der Einkapselung
angecrdnete Stockhammer bearbeitet.

Der dabei anfallende Grobstaub wird mit einer
Forderschnecke, der Feinstaub durch Absaugung aus dem



Gehause entfernt.
3. Trog-Frasmaschine

Bei der Trog-Frasmaschme erfolgt die Absaugung des
Staubes durch das einem Holhbohrer ahnlich gestaltete
Fraswerkzeug.

STAUBABSCHEIDER

Als Staubabscheider werden meistens Gewebefilter, neuer-
dings auch Sinterlamellenfilter verwendt. Als Antricbsenergie
benutzt man uberwiegend Strom oder Druckluft.

Um den Energieverbrauch fur die Entstaubung bei der
teinbearbeitung mit Druckluftwerkzengen und Stauberfassung
am Werkzeug moglichst niedrig zu halter, werden in
verschiedenen Betrieben sogenannte Einzelentstauber
verwendet. Jeder Arbeitsplatz hat fur sich ein Absauggerat.
Es handelt sich hier um Injektor-Gerate.

Ein Steuerventil sorgt dafur, dap das Entstaubungsgerat nur
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lauft, wenn mit dem Drucklufthammer gearbeitet wird. Der
Druckluftverbrauch wird bei dieser Arbeitsweise erheblich
gesenkt.

SCHLUABETRACHTUNG

Fur alle bei der trockenen Bearbeitung von Werkstein
vorkommenden Arbeiten gibt es entsprechende
Staubabsaugungen.

Voraussetzung fur eine einwandfreie Entstaubung der
Arbeitsplatze ist jedoch die bestimmungsgemafie Verwend-
ung und sorgfaltige Wartung der Erfassungseinrichtungen
und Anlagen.

Bei der Steinbearbeitung mit handgefuhrten Geraten oder
Handwerkzeugen bedeutet die Verwendung der Ab-
saugeinrichtungen stets ¢ine leichte Behinderung. Nach einer
Einarbeitungszeit werden die Einrichtungen von den
Beschafigten im allgemeinen angenommen, da die meisten
von ihnen erkannt kaben, daf die Anlagen der Erhaltung ihrer
Gesundheit dienen.
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EXPLORATIONS TO SOME PROBLEMS IN ESTABLISHING

DUST ALLOWABLE CONCENTRATIONS

LIU ZHANYUAN ¢ Zhang Weichang * Fang Yuxiang * Xiao Xingyuan

Liaoning Institute of Labour Hygiene, Shenyang, China, PRC

Certain difficulty exists, either theoretically or methodologi-
cally, in studies on dust allowable concentration.

Before the 1950s, allowable concentration only existed for
silicon dioxide and, later, that for asbestos was added. In the
past decade of years, the establishing of dust allowable con-
centration has developed rapidly, but is still far from meeting
the practical need.

To improve method for study and to speed up its development,
therefore, has become an urgent problem to be solved at pre-
sent. The present article is exploring some problems in
establishing dust allowable concentration as follows:

TREND IN DEVELOPMENT OF DUST ALLOWABLE
CONCENTRATION

Along with increase in number of newly-established dust
allowable concentration, classification naturally appears, The
ACGIH of the United States divides mineral dust TLV into
four major categories.? In the Soviet Union, in addition to 53
kinds of mixed dust allowable concentrations established
separately,! the maximum dust allowable concentrations are
classified into silicate, carbon, metal and organic matter ex-
cept that of silicon dioxide. The dust allowable concentration
published by Japanese Industrial Society falls into three ma-
jor categories: silicon dioxide, ‘‘various dusts’’ and
asbestos,? while in China, dust allowable concentration may
be divided into six major categories: silicon dioxide, silicate,
carbon and coal, metal, organic dust, and others.*

A tendency toward grading has turned up. As for free silicon
dioxide dust, in some countries, it is classified into two grades,
while in some other countries it is classified into four grades
and in some countries, it is calculated by equation (see Table
I). In Japan, the “*various dusts’’ with free silicon dioxide con-
tent less than 10% are divided into three grades.3 In Soviet
Union, no apparent grading is done, but in effect, the 65 kinds
of other various dusts with free silicon dioxide less than 20%
are classified into six grades as 1, 2, 4, 6, 8, and 10.2 In
five grades as 3, 4, §, 6, and 10.4

GENERAL STRUCTURAL CONSTRUCTION OF
DUST ALLOWABLE CONCENTRATION

Having analyzed historical development tenderncy, we pro-
pose to establish structure with classification and grading for
dust allowable concentration.
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1. Seven categories are classified according to dust
characteristics:
a) silicon dioxide dust
b) silicate dust
c) metal dust
d) coal dust and various carbon dust
¢€) organic dust
f) various mixed dust
g) other dust.

One of the purposes of classification is to work as
reference for identical dust allowable concentration
developed.

2. Four categories are classified according to extent of
harm done by dust (see Table II).

One of the purposes of classification is to simplify the method,
to speed up establishing concentration, as well as to benefit
monitoring. In recent years, some countries have adopted the
method of calculating the Si0Q; dust allowable concentration
with formula, which gives an impression of accurate quanti-
ty, but in effect, by present available method and means it is
difficult to reflect accurately the changing factors of
prneumoconioses’ occurrence due to the complex nature of the
disease’s developing course and the unstableness of workers
exposed to dust in production. This method gives rise to a
series of problems to monitoring. According to the study
results of pneumoconioses in the province in the past twenty
years, we think that to divide dusts into four major grades ac-
cording to occupational harm they have done may generally
distinguish the extent of harm done by various dusts.

ON THE STUDY METHOD OF DUST ALLOWABLE
CONCENTRATION

Data on epidemiology disease is doubtless the key basis for
establishing dust allowable concentrations as well as a must
data, but pneumoconioses is a chronicle developing process,
especially the new industrial dust for which its allowable con-
centration cannot be established after long periods of time
waiting for the data of epidemiology disease. Then, is it possi-
ble to take it as a basis for establishing dust allowable con-
centrations with animal experiments?

We think it is. As is known, pneumoconioses is a disease that
can be studied with certain pathological models established
on animal experiments. Analysis of anjmal experiments on
about twenty kinds of dusts, conducted in contrast with data
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Table 1
Grading of Free Silicon Dioxide Dust Allowable Concentration in Various Countries (mg/m?)
Country Other Content of free silicon dioxide (%)
dusts{ -1 {-2 {-10 [-30 | -406 |-50 |-70 ) -80 | >80
China 10 2 1
Soviet Union 10 4 2 1
2.9 12
Japan 1.5 3.0 6.0 R= T=
0.220+1 0.22Q+1
U.S.A. 10 0.05~0.1

Note, R = The inhatant dust

T = Total dusts
Q = Content of free Si0, in dust (%)
Table I
Grading of Dust Allowable Concentration
Extent of Grading Max. allowabte Dust
harm concentration
(mg.m")
Very 1 1 "Pure quartz dust with free
serious S5i0, over 80%
Serious 11 2 Various dusts with free Si0,
between 10-~-80%. Asbestos dust.
Moderate I1I 5 Various dusts with free SiQ,
between 5~-10%;partial silicate
dust Cas talcum dust); partial
metal dust (as metalic
atuminium dust),
Stight 1v 10 Various dusts with free SiQ,

less than 5%; partial silicate
dust C(as pearlite and dolomite);
carbon and coal dust; partial
metal dust (as tin); and organic
dust, etc.
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Table I

Cases of Grading of Harm Done by Dust
(According to Length of Time for Appearence of Fibering)

Grading Length of time of
appearence of fibering

of pulmonary tissue when
animal is contaminated

Name of dust
experimented

(month)
I 3 Pure quartz dust (with 8§5~90%

of free Si0)

Il 6 Ceramic mixed dust, caly CA)
dust (15~35% ‘of free Si0)

It 12 Mixed clay (B) dust (5.9% of
free Si0)

1v 18 Peartite dust, clay (C) dust

(0.5~3.6% of free S5i0)

Fibering standard, appearence of gelatinizing fiber on
the basis of hyperplasia of netted fiber

of epidemiology, may basically reflect the extent of occupa-
tional harm done by various dusts with animal experiments.
The pneumoconicses with high occurrence, short work age,
rapid development and high mortality (such as that cansed by
quartz dust) appears rapid fibering of pulmonary tissue and
serious extent of pathological change in animal experiments,
while in reverse, the pneumoconioses with low occurrence,
long work age of occurrence, slow development and low mor-
tality (such as pneumoconioses caused by clay dust) appeared
slow in fibering of pulmonary tissue and slighter extent of
pathological exchange in animal experiments. With the time
for rat lung to show fibering as the basis of grading, results
of grading at various dusts are shown in Table IIl. These
results provide a possibility to use animal experimental data
for establishing dust hygienic standard. The vnited animal ex-
periment method can be determined by the Nationa! Hygiene
Standard Commission. The standard dust for contrast may be
supplied by the Naticnal Labour Hygiene Study Center and
it is for all the local labour hygiene study centers to direct the
experimental method. All labour hygiene and scientific
research departments can engage in study and development
of dust allowable concentration. Checked and approved by the
Hygiene Standard Commission, the study results can be
published and put into force as a provisional standard. In the
second stage, the standard can be revised according to data
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of epidemiologic investigation. Thus it is possible to speed up
the establishment of dust allowable concentration.

The pathological grading of animal experiments can be based
on the speed of the appearence of fibering for the time being.
Obviously, there are many problems to be further explored
such as, the biological effect of dust cannot be attributed to
whether there is fibering effect. Therefore, it is very impor-
tant (o set up a systematic study method for pulmonary tox-
icity experiments. It is, however, advisable, from technical
development strategy, 1o select a practical and feasible
method.
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CRITERIA FOR DETERMINING WORK RELATED

HEAVY ASBESTOS EXPOSURE

K.C. WAN, MBBS, DIH, M.Sc. + N.R. Street, MBBS

Occupational Medicine Branch, Department of Occupational Health, Safety and Welfare, Western
Australia (DOSHWA) and Workers’ Compensation and Rehabilitation Commission (WCRC),

Western Australia

INTRODUCTION

The objective of this paper is to derive from case records,
guidelines for which occupations and operations constitute
heavy asbestos exposure.

Schedule 3 of the Workers’ Compensation and Assistance Act,
Western Australia (1981) contains a list of specified industrial
diseases for which Workers’ Compensation may be obtained.
One of the diseases listed in Schedule 3 is lung cancer
associated with *‘any process entailing heavy exposure to
asbestos dust.”” The term ‘‘heavy exposure’” is not defined.

METHOD

All claimants for Workers” Compensation for pneumoconi-
oses attend at the Perth Chest Clinic. Perth Chest Clinic
records of Workers’ Compensation claimants diagnosed by
the Pneumoconiosis Medical Panel as silico-ashestosis or
asbestosis were examined for Wittenoom Australian Blue
Asbestos (ABA) workers for the period 1 July 1987 1o 31
December 1987 (15 cases) and the DOSHWA. Asbestosis
Register was examined for “‘non ABA™ workers for the
period 1 January 1979 to 31 December 1987 (36 cases). Min-
ing and milling of blue ashestos was located in the town of
Wittenoom, which is in the North-West of Western Australia,
from 1943-1966. *“Non-ABA’* cases were further divided in-
to Waterside Workers (9 cases), Asbestos-Cement Products
Manufacturing Workers (9 cases), Railway Workers (5 cases)
and “*Other’” {13 cases).

All the cases on the Perth Chest Clinic records who successful-
ly claimed Workers” Compensation for mesothelioma from
1 January 1979 until 31 December 1987 were examined (101
cases). All the cases on the Perth Chest Clinic records who
successfully claimed Workers’ Compensation for lung cancer
from 1985 (when lung cancer became a specified industrial
disease under the Act) until 31 December 1987 were examined
{12 cases). For each of the above three disease categories, the
resulting data were classified according to occupation and
duration of exposure.

RESULTS

Asbestosis and Silico-asbestosis

From | January 1979 until 31 December 1987 (9 years) the
DOSHWA Asbestosis Register contains the names of 154 peo-

ple. Of these, 118 (77 %) had worked for ABA in Wittenoom.

As it is generally accepted that having worked mining or mill-
ing crocidolite asbestos at ABA for even relatively short
periods constitutes a history of heavy exposure, it was decid-
ed to look at only a small number of ABA workers, namely
those who had successfully claimed Workers’ Compensation
for asbestosis or silico-asbestosis between 1 July 1987 and 31
December 1987 {15 cases). Of these 15 cases, occupational
histories were available for 14, and, of these, only 6 (40%)
had worked exclusively in one type of operation, the remain-
ing 8 having worked in multiple operations. These 14 workers
had been engaged in a total of 21 different operations at ABA.
The mean duration of working at ABA was 43 months (range
3-96 months).

Information was obtained from the Perth Chest Clinic records
for the 36 *‘non-ABA’* workers registered on the DOSHWA
Asbestosis Register from 1979 until 1987 inclusive.

Of the 9 Waterside Workers registered, 78 % were involved
exclusively in the one operation of loading/unloading bags of
asbestos. The mean duration of employment for waterside
workers was 235 months (range 84-384 months). Of the 9
Asbestos-Cement Products Manufacturing Workers, 4 (44%)
of these had worked in a single operation. The nine workers
had worked in a total of 19 different operations. The mean
duration of employment for this group of workers was 231
months (range 28-416 months). Of the 5 Railway Workers,
4 (80%) had worked in only one type of operation. The mean
duration of working for the Railways was 223 months (range
72-504 months). The number of cases of asbestosis and silico-
asbestosis amongst the different occupational groups de-
scribed above, together with the mean durations of employ-
ment, standard deviations and ranges are summarized in Table
I.

Mesothelioma

All the cases of mesothelioma in the Perth Chest Clinic records
from 1 January 1979 until 31 December 1987 were examined.
There was a total of 101 cases of mesothelioma during this
period. Of these, 9 cases were excluded because there was in-
sufficient information regarding either the person’s occupa-
tion or the duration of employment in a particular occupation.
DOSHWA’s Mesothelioma Register contains the names of a
number of people who lived in Wittenoom but who did not

1049



Exposure Assessment and Control Asbestos/Other Fibrous Material

work in the mine or mill at ABA. There were eight such cases
identified up until November 1985. The last group under con-
sideration contained 16 workers. This group covered a wide
variety of different occupations including carpenters, truck
drivers and insulation workers. The mean duration of emmploy-
ment in this group was 176 months (range 1-420 months). The
numbers of cases of mesothelioma amongst the differeat oc-
cupational groups described above, together with the mean
durations of employment, standard deviations and ranges are
summarized in Table 1.

Lung Cancer
Of the 12 lung cancer patients who successfully claimed
Workers’ ion under the Act between July 1985 and

31 December 1987, 6 worked at ABA, 2 were Waterside
Workers, 2 worked in the Railways, one for an Asbestos-
Cement Products Manufacturer and one was an insulation
worker. For the overall group of 12 lung cancer patients, the
mean period of employment was 127 months (range 10-372
months). Of these 12 patients, all except for one (who gave
a history of having been a lifelong non-smoker) had a history
of moderate to heavy cigarette smoking over several years.
Of the 11 smokers, it was possible in 10 of them to estimate
the total cigarette consumption over their lifetime in terms of
pack-years where one pack-year represents a person’s smok-

ing a packet of 20 cigarettes per day for a year (=7300 ciga-
rettes per year). The mean lifetime cigarette consumption was
37.7 pack years (range 18-56 pack years). The numbers of
cases of lung cancer in the other occupational groups are listed
in Table I along with the corresponding means, standard
deviations and ranges.

Lung cancers attributable to asbestos exposure should,
strictly-speaking, be called bronchial carcinomas, as should
the vast majority of lung cancers that are caused by other
known agents.! All the common histological forms can oc-
cur (squamous carcinoma, small or oat-cell carcinoma and 3
adenocarcinoma). Amongst the 12 cases of lung cancer con-
sidered in this paper, there were 4 adenocarcinomas, 4 small
cell carcinomas, 2 squamous cell carcinomas, one case who
had two separate tumours (one a squamos cell carcinoma and
one a small cell carcinoma) and one case in whom the
histopathological diagnosis was not recorded.

DISCUSSION

A widely held belief is that the increased risk of lung cancer
due to exposure to asbestos occurs only where asbestosis is
already present.2 This theory contends that exposures to
asbestos which are insufficient to cause asbestosis are also in-
sufficient to cause lung cancer. The alternative point of view,

Table I
Numbers of Cases of Asbestosis/Silico-Asbestosis, Mesothelioma and Lung Cancer
Amongst Different Occupational Groups with Mean Durations of Employment,
Standard Deviations and Ranges (in Months)

Asbestosis or

Silico-asbestosis Mesothelioma Iang Cancer
N 14 N 61 N 6
A.B.A. MEAN 43 MEAN 22.0 MEAN 39.3
S.D. 25.1 s.D. 26.1 S.D. 46.8
RANGE 3-96 RANGE 1-132 RANGE 10-133
N 5 N 5 N 2
RATIWAYS MEAN 223 MEAN 185 MEAN 94.5
S.D. 180 §.D. 139 8.D. 36.1
_ RANGE 72-504 RANGE 72-420 RANGE 69-120
ASBESTOS N 9 N 1l
CEMENT MEAN 231 NIL MEAN 372
PRODUCTS S.D. 159 S.D. N/A
MANUFACTURING RANGE 28-416 RANGE N/A
N 9 N 8 N 2
WATERSIDE MEAN 235 MEAN 166 MEAN 264
WORKERS S.D. 111 S.D. 141 S.D. 102
RANGE 84-384 RANGE 24-396 RANGE 192-336
N 13 N 16 N 1l
OTHER MEAN 150 MEAN 176 MEAN 195
S.D. 148 §.D. 137 S.D. N/A
RANGE 24-456 RANGE 1~420 RANGE N/A
N 90 N 12
MEAN 71.1 MEAN 127
s.D. 107 S.D. 125
RANGE 1-420 RANGE 10-372
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which is also widely held, is that there is no demonstrated
threshold level of exposure to asbestos below which there is
no increased risk of lung cancer.2

Chase et al (1985)3 have proposed, as its final determination,
a “‘risk apportioned to asbestos’ that is represented by a
number between zero and one. This number reflects the
strength of the evidence in support of each individual lung
cancer being related to asbestos exposure. In 1984, Mowe et
al* analysed mineral fibre concentrations in lung tissue by
scanning electron microscopy in 73 males with malignant
mesothelioma and in 36 controls who died of cardiovascular
or cerebrovascular diseases. Their investigation showed ap-
parent differences in the median lung fibre concentrations be-
tween occupational groups with different levels of asbestos
exposure as judged from their occupational histories. Mowe
and Gylseth’ investigated 141 cases of malignant
mesothelioma registered by the Cancer Registry of Norway
1970-79. Sixty-five of the cases were classified into four
groups according to criteria of estimated probability of oc-
cupational asbestos exposure. These were definite, probable,
possible and unlikely or unknown exposures.

In a survey undertaken by the Mines Department in 1966,%
measurements were made of the concentrations of airborne
respirable fibres of crocidolite greater than 5 microns in length
in various workplaces at ABA in Wittenoom. A 0 to 10 scale
of estimated fibre levels for both before and after September
1957 (when a less dusty mill started operating) applicable to
all 87 job categories at ABA was developed using the judge-
ment of an ex-superintendent of operations at Wittenoom (who
had a detailed knowledge of all jobs on the site throughout the
production period). Unfortunately, as far as could be deter-
mined, there are no records of similar information concern-
ing airberne fibre concentrations pertaining to non-ABA work
situations which would have prevailed in Western Australia
at the time that contemporary Workers’ Compensation
claimants would have been occupationally exposed to
asbestos. The occupations of the six ABA workers who
developed asbestosis and who worked in a single type of job
category were compared with their scores on the above 0-10
point scale. Because of the small numbers involved, it is dif-
ficult to draw any conclusions from this comparison although
it is interesting to note that two workers whose fibre concen-
trations were considered to be relatively low (2 points) still
had sufficient exposure to cause asbestosis after only three
years of employment in each case.

Any approach which attempts to uncover a relationship be-
tween different occupations and heaviness of asbestos ex-
posure cannot take into account variations in how various pro-
cesses are performed. In other words, such an approach is
unable to make allowances for the fact that one type of opera-
tion can result in different degrees of exposure according to
the ways in which the work processes are performed. It would
be simple and convenient if, for cases of asbestos-induced oc-
cupational lung disease, one could look at the durations of
employment of the workers in various occupations and opera-
tions and assume that there is an inverse relationship between
duration of occupational exposure to asbestos and the
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‘*heaviness’” of exposure to asbestos entailed. If such an
assumption were valid, one could then easily classify different
occupations/operations according to the ‘‘heaviness’” of ex-
posure (e.g., heavy, moderate, mild, negligible, etc.). Un-
fortunately, there are a number of reasons why such an
assumption would be invalid as well as a number of other dif-
ficulties with this approach. These include:

1. By utilizing Perth Chest Clinic records, one immediately
introduces a form of selection bias, namely that patients
with asbestos induced occupational lung disease who have
not claimed Workers' Compensation are immediately ex-
cluded from further consideration.

2. There is a strong possibility of recall bias with respect to
patients’ recellections of their occupational histories.

3. The problem of multiple exposures refers to people who
have been exposed to asbestos either in different occupa-
tions or who have performed different operations involv-
ing asbestos exposure while working in the same
occupation.

4. The problem of intermittent exposure applies to the ma-
jority of cases where the information necessary to calculate
an accurate equivalent continuous exposure was lacking.

5. The main problems encountered in recorded occupational
histories were incomplete descriptions of jobs and in-
complete information regarding the durations of exposure
to asbestos.

CONCLUSION

A solution 1o this problem may be found in studies which com-
pare the amounts of asbestos fibre measured in lung tissue for
equivalent durations of asbestos exposure in different occupa-
tions. Until such time as the results of these types of studies
become available, it will be necessary for medical panels
charged with the responsibility of making judgements regard-
ing ‘‘heaviness’’ of asbestos exposure to exercise clinical
judgement and assess each case on its merits. Heaviness of
exposure to asbestos can be thought of as the product of in-
tensity and duration. This formula is not necessarily valid
however because it does not separate the effects of the two
variables.” In the absence of any better altemmative, it seems
reasonable to make use of this formula, provided it is recog-
nized that it may be an over-simplification of the true state of
affairs. In determining the intensity of asbestos exposure in
the absence of direct dust exposure measurements, one has
to rely on an accurate description of the job to obtain an in-
direct indication of intensity. This can be partially cor-
roborated by a knowledge on claimants who did similar jobs
such as the subjective degree of dustiness of the working en-
vironment. The other parameter in the above formula is that
of duration. In this regard the most important point to
recognize is the distinction between duration of employment
and duration of exposure. Apart from intensity and duration
of exposure, the type of asbestos to which the claimant was
exposed should be taken into account.
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INTRODUCTION

During the past two decades, construction materials contain-
ing asbestos have occupied an important place in Japanese con-
struction industry. At present, of total asbestos consumed per
year, 199,000 tons (77.8%) are used for the construction
materials' and there are approximately 4,800,000 construc-
tion workers in Japan.? It is presumed that a large percentage
of the construction workers is exposed 1o asbestos and recently
the health hazards by asbestos have caused concern. However,
there are few reports about the asbestos exposure at construc-
tion work sites 34

The objective of this study is to make clear the type of asbestos
used in construction materials, the ambient asbestos concen-
tration at construction work site and the working condition
of workers handling asbestos-containing construction
materizls.

METHODS AND MATERIALS

Identification of Type of Asbestos

Asbestos-containing construction materials were randomly
collected from construction work sites. Dust fractions for elec-
tron microscopic inspection were produced by scratching
these construction materials with tweezers. Asbestos fibers
of these samples were identified by transmission electron
microscopy equipped with an energy dispersive X-ray
analyzer.

Measurement of Ambient Asbestos Concentration

In order to evaluate the asbestos exposure level to the workers,
dust concentrations in construction work sites were measured
by the membrane filter method using phase contrast
microscopy, according 1o the standard techniques of the Japan
Association of Industrial Health for asbestos sampling and
analysis. Particles > 5 um in length, < 3 um in diameter with
an aspect ratio >3:1 were counted.

Qluestionnaire Survey

The working conditions were surveyed by use of a self-
completion questionnaire on all the 10,922 members of All
Kyoto Construction Worker’s Union in Kyoto prefecture,

Japan. The questionnaire included questions concerning sex,
age, occupational category, duration of engagement in the
present occupational category, use of asbestos-containing con-
struction materials, asbestos dust exposure, protective and
preventive measures, smoking history and respiratory sub-
jective symptoms.

RESULTS

Type of Asbestos

Twenty four samples of asbestos-containing construction
materials including 20 wall boards, two roofing materials, one
vinyl asbestos floor tile and one sprayed wall material were
collected from 22 construction work sites. Among 20 wall
boards, chrysotile alone, amosite alone, and both were respec-
tively detected from six, one, and 13 samples. From the re-
maining materials, only chrysotile was detected.

Asbestos Exposure Level

The asbestos concentrations in 59 spots of 17 construction
work sites were measured during a variety of operations, e.g.,
sawing, screwing, drilling, nailing, cutting, filing of asbestos-
containing construction materials. Electric hand tools were
used in sawing, screwing and drilling. Airborne asbestos con-
centrations are shown in Table L. The personal exposure levels
were measured in the breathing zone of the workers using per-
sonal dust sampler. The ambient asbestos-concentrations were
measured in the center of the room. Fifty four dust
measurements were made indoors and five were made out-
doors. Neither local exhaust ventilation equipments nor
general ventilation equipments were provided in any work
sites where we visited.

Concerning the results of the indoor measurements, air
samples taken in the breathing zone of the workers reached
more than 100 f/ml during sawing of asbestos cement board
with electric circular saw (Figure 1). The ceiling limit of
threshold limit value of asbestos is 10 f/ml in Japan. The am-
bient asbestos concentrations during screwing (Figure 2),
drilling, or nailing often exceeded the value, because sawing
is sometimes done during these works. If not 5o, the ambient
ashestos concentrations were relatively low ranging from 0.3
to 14.1 f/ml. Table I also showed that the workers near the
ones handling asbestos-containing materials are exposed to
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Table 1

Ambient Asbestos Concentrations in Construction Work Sites

Number Sampling time Concentrations
of (min) (£/ml1)
Operations samples Range Mean! Range Mean< Median
[ Indoor Work ]
Sawing?® 4 2.5-5 3.8  125-787 214 147
1.5-2m from the 3 2.5-5 3.5 103-630 245 232
above work®
Screwing or drilling 8 10-120 48 1.3-131 11.0 12.3
or nailing?®
(partly include
sawing)
1-10m from the above 7 10-119 56 0.9-48.1 5.4 3.0
work®
Screwing or drilling 8  2.6-110 48  0.3-14.1 2.0 2.5
or nailing8
{(not include sawing)
1-4m from the above 15 15-17 87 0.1-4.6 1.3 1.6
work®
Cutting and filing® 1 1.0 - 12.1 - -
Inspecting work site® 2 68-93 - 0.04-0.12 - -
{5-30m from the work
operating asbestos
board)
Finishing or cleaning® 5 15-93 45 0.1-0.5 0.3 0.3
(1 to 7 days after
the work using
asbestos board)
Center of roomP 1 110 - 0.01 - -
(a day after the work
using asbestos board)
[ Outdoor Work ]
Sawing? 1 124 - 0.14 - -
Roofing2 1 115 - 0.13 - -
1-2m from the above 1 115 - 0.05 - -
work?d
Nailing on exterior 1 117 - 0.13 - -
wall board®
Plumbing? (a day after 1 160 - 0.05 - -

the work using
asbestos board)

1: arithmetic mean, 2: geometric mean
a: Personal samples were collected.
Sawing: with an electriec circular saw, Screwing: with an electric
screw driver, Drilling: with an electric drill, Nailing:
hammer, Cutting: with a knife,

b: Area sample was collected

with a



asbestos. The cleaning of the work sites was insufficient that
ambient asbestos concentrations were from 0.1 to 0.5 f/m!
after the use of asbestos wall board (Figure 3).

The outdoor ambient asbestos concentrations ranged from
0.05 t0 0.14 f/ml.

Working Conditions

6549 (60.0%) out of 10,922 workers belonging to All Kyoto
Construction Worker’s Union completed the questionnaire.
Among them, male and female workers were 6500 (99.3%)
and 49 (0.3 %), respectively. In the following analysis, female
workers were excluded because the number was very small.

The age of male respondents ranged from 17 to 84 years (mean
44.6, SD 11.0).

The distribution of the present occupational categories is
shown in Table II. More than 40 kinds of trade categories were
reported. Carpenters held a majority (40.8%) followed by
plasterers (8.3%), electricians (4.4%), painters (4.1%) and
plumbers (3.3 %). The mean duration of engagement was 22.8
years (SD 11.4, range 0.2-65).

The number of workers who offen handled asbestos-containing
construction materials were 1360 (20.9%) and who handled
sometimes were 2449 (37.7%). The distribution of the con-
struction materials used by these workers is shown in Table
II. Asbestos slate board was the most popular material,
asbestos silicate-calcium board the next. Table IV illustrates
the distribution of duration of handling asbestos-containing
construction materials. The duration of handling ranged from
less than one to 52 years (mean 14.1, SD 8.0). The distribu-
tion of mean number of days of handling asbestos-containing
materials per month in the last one year is shown in Table V.
Median value was 3 days per month.

Since construction workers have been not only directly ex-
posed but also indirectly exposed to asbestos dust emitted by

Figure 2. Fixing wall board to metal studs with screws by
electric screw driver.

Exposure Assessmeni and Control Asbestos/Other Fibrous Material

other workers in the work sites, the frequency of asbestos ex-
posure either directly and indirectly was surveyed. The results
are shown by main construction trade categories in Table VL.
The frequency was varied by trade categories. Among themn

Figure 1. Sawing asbestos-containing wall board with elec-
tric circular saw without local exhaust ventilation
equipment. Ambient air was highly contaminated
by asbestos.

Figure 3. A: Floor contaminated by asbestos-containing dust
after sawing wall board. B: Sweeping floor with
a broom. One can see the secondary asbestos dust
emission.
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Table I Table IV
Distribution of Occupational Categories Distribution of Duration of Handling Asbestos-containing
Construction Materials (N=2501)
Number of — —
workers Duration Number of
carpenter 2608 (40.82) (years) workers
plasterer 531 ( 8.37) o< - 4 258  (10.1%)
electrician 280 ( 4.4%) 5- 9 492  (19.7%)
painter 261 ( 4.12) 10- 14 705  (28.3%)
plumber 220 ( 3.4%) 15- 19 416 (16.7%)
navvy 209 ( 3.32) 20- 24 383  (15.4%)
sheet metal worker 197 ( 3.12) 25- 29 124 ( 5.0%)
interior finish worker 147  ( 2.32) 30- 34 91 ( 3.62)
steel-frame worker 129 ( 2.02) 35- 39 24 (1.9%2)
cabinet maker 126 ( 2.02) 40- 52 8 (0.32)
helper 118 ( 1.8%)
tiler 104 ( 1.62)
others 1466 (22.62)
no answer 104, ( 1.6Z)
total 6500 (100.0%)
Table I

Distribution of Numbers of Workers Using Asbestos-containing
Construction Materials (N=3782)

‘Number of

workerg =
[ Materials containing asbestos ]
asbestos slate board 2431 (64.3%)
asbestos silicate-calecium board 1747 (46.2%)
heat insulating asbestos pad 697 (18.4%)
asbestos roofing materials 639 (16.9%)
asbestos cement parlite board 600 (15.97)
sprayed asbestos 478 (12.6%)
parlite board 429  (11.32)
asbestos felt 336 ( 8.92)
asbestos pipe 312 ( 8.27)
asbestos paper laminated plywood 266 ( 7.02)
ashestos packing 255 { 6.77)
asbestos cloth and yarn 230 ( 6.12)
rubber asbestos sheet 184 ( 4.9%)
asbestos gasket 119 ( 3.1%)
asbestos tape 118 ( 3.12)
asbestos rope 89 ( 2.4%7)
asbestos—containing paint 72 (1.92)
[ Materials which contain asbestos or do
not varies with the kind of productions ]
wood wool cement board 1438 (38.82)
vinyl asbestos floor tile 1173 (31.02)
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carpenters were most frequently exposed to asbestos.

As for the use of protective mask, 28 (0.8%) workers out of
3710 workers who have an experience in using asbestos-
containing construction materials responded to use it everyrime
and 216 (6.6%) answered sometimes.

There were 2491 smokers (66.4%), 670 ex-smokers (17.9%)
and 588 non-smokers (15.7%) among the workers who have
an experience in using asbestos-containing materials.

The relationship between the mean days of handling asbestos-
containing construction materials per month in the last one
year and the prevalence of respiratory subjective symptoms
(palpitation, shortness of breath, cough and sputum} is shown
in Table VII. The prevalence of the symptoms increased with
the mean asbestos-handling days per month. The correlation
coefficients between the rank of mean days per month and the
prevalence of the symptoms ranged from 0.080 to 0.206
(P<0.0001, Kendall’s tau-C), while the correlation coeffi-
cients between the rank of mean days per month and smok-
ing habit or age were not significant.

DISCUSSION
The present study resulted in the following:

1. Not only chrysotile but also amosite are frequently used
for the construction materials.

Exposure Assessmeni and Control Asbestos/Other Fibrous Material

5. The prevalence of the respiratory subjective symptoms in-
creased as the frequency of handling asbestos-containing
materials increased.

There has been a paucity of literature dealing with the actual
conditions of asbestos exposure among construction workers.

Fischbein et al. surveyed the asbestos exposure in the drywall
construction trade in the United States. Of 15 industrial
drywall taping and spackling compounds, they found
chrysotile in nine, tremolite in one, and both in three, respec-
tively. They showed that asbestos concentrations in the
breathing zone of drywall tapers ranged 1.2-19.3 f/ml dur-
ing pole sanding, 1.3-16.9 f/m! during hand sanding and
35.4-59.0 f/ml during dry mixing of taping compounds,

respectively.?

Verma and Middleton investigated the asbestos concentrations
in various operations of the drywall taping process in the pro-
vince of Alberta, Canada. They showed that the asbestos con-
centrations in the breathing zone of workers ranged 1.2-12.4
f/ml during mixing, 1.2-24.2 f/ml during sanding and
4.0-26.5 f/ml during sweeping, respectively.4

Table V

Distribution of Mean Number of Days of Handling Asbestos-
containing Construction Materials per Month in the Last One

2. Ambient ashestos concentrations in the worker’s breathing Year (N=1708)
zone _widely ranged from 0.04 to 787 f/ml depending on Number of
the kinds _of work and the ventilatory conditions. Indoor day/ th X
sawing with electric circular saw was considered as one ay/mon workers
of the most hazardous operations. 0<-<1 47 { 2.4%)
1- 2 710 (36.6%)
3. A great number of construction workers are exposed to 3- 4 399 (20.62)
asbestos without appropriate countermeasures. 5- 6 279  (14.4%)
4. Of the workers handling asbestos-containing materials, 7-10 314 (16.27)
66.4% were the co-exposed to asbestos and smoking. 11-15 116 ( 6.0%)
16-30 76 (3.97)
Table VI
Asbestos Exposure by Occupational Categories
Number of Asbestos exposure
workers often __ sometimes
carpenter 2608 15.0% 43.4%
sheet metal worker 197 5.6 32.5
plumber 220 8.2 26.8
electrician 280 7.5 27.5
plasterer 531 4.1 27.5
helper 118 5.0 21.0
interior finish worker 147 6.1 17.7
steel-frame worker 129 3.1 20.9
painter 261 3.8 19.2
cabinet maker 126 0.8 13.5
navvy 209 2.4 11.5
tiler 104 1.9 11.5
total 6500 8.9 29.1

1057



Exposure Assessment and Control Asbestos/Other Fibrous Material

Table VII

Relationship Between Mean Days of Handling
Asbestos-Containing Materials per Month in the Last One Year
and Prevalence of Respiratory Subjective Symptoms

palpitation shortness of breath
day/month number often sometimes total often sometimes total
0 1141 0.8% 16.52 17.3% 2.27 16,77 18.9%
0<=-<1 42 2.4 16.7 19.1 0 19.0 19.0
1- 2 642 2.8 19.2 22.0 3.7 19.5 23.2
3~ 4 366 2.2 21.9 24.1 2.5 27.0 29.5
5- 6 254 3.5 24.0 27.5 4.7 24.0 28.7
7-10 296 3.4 243 27.7 5.7 243 30.0
11-15 108 4.6 23.1 27.7 5.6 23.1 28.7
16-30 69 7.2 31.9 39.1 8.7 30.4 39.1
cough sputum
__yfmonth number often sometimes total often sometimes total
1141 3.37 24.4% 27.7% 7.8%2 25.67 33.4%
0(-(1 42 2.4 31.0 33.4 4.8 38.1 42.9
1-2 642 5.8 37.7 43.5 10.9 39.3 50.2
3= 4 366 7.4 41.5 48.9 13.4 421 55.5
5- 6 254  15.0  40.7 55.7 20.5 39.4 59.9
7-10 296  11.8 40.5 52.3 17.9 39.2 57.1
11-15 108  14.8 46.3 61.1 19.4 42.6 62.0
16-30 69 13.0  50.7 63.7 23.2 40.6 63.8

In Japan, no data on the asbestos exposure among workers
during handling asbestos-containing boards at construction
work sites has been reported in the literature. According to
the present study, it was considered that the asbestos dust
emission during indoor sawing with electric circular saw was
larger than that of drywall taping process.

There are several reports on the health effect of asbestos ex-
posure among the construction workers.3-57 Fischbein et al.
reported that pleural thickening was found in 8% of the 109
drywall tapers.3 Hedenstierna et al. reported that 62 % of the
423 construction workers who had been registered as exposed
to asbestos had radiological evidence of pleural plagues in
Sweden.? Ebihara et al. described that 1.27% of 3613 con-
struction workers of over 40 years old had evidence of pleural
plaques on chest X-ray, while none of 845 office workers had
such evidence.5 Nicholson et al. estimated that 2143
asbestos-related cancer deaths occurred in 1982 and these
would rise to about 3400 annual deaths by the year 2000
among construction workers in USA.7 The present study
suggested that the prevalence of respiratory subjective symp-
toms elevated dose-dependently. The medical surveillance of

workers who participated in the present study is now ongoing.
SUMMARY

The actual condition of asbestos exposure among construc-
tion workers were surveyed. It was made clear that workers
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were exposed to high concentrations of asbestos without local
exhaust ventilation equipment and respiratory protective
equipment. On the basis of this study, there is urgent need to
work out a sufficient countermeasure minimizing asbestos ex-
posure in construction work sites.
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DUST EXPOSURE RESULTS IN 359 ASBESTOS-USING

FACTORIES FROM 26 COUNTRIES

DANIEL BOUIGE
Association Francaise de L’ Amiante 10
rue de la Pepiniére 75008 PARIS (France)

Mr. Chairman,
Ladies and Gentleman,

PART I: DESCRIPTION OF THE SURVEY

It is a great pleasure for me to present, on behalf of the
Asbestos International Association (A 1. A.) and for the first
time at an international scientific conference, the results of
an inquiry carried out from investigations in the member coun-
tries of this Association. The prime object of A.LA. isto en-
courage protective measures to eliminate risks to health aris-
ing from exposure to asbestos and 1 believe that such an in-
quiry is also a helpful part of the motivation and the emula-
tion necessary to achieve it.

The 1986 survey is the third one so conducted by sending out
a questionnaire prepared by an A.L. A. Dust Advisory Panel
(D.A.P.} including experts in the field of industrial hygiene.
For 1986, twenty-six members out of 32 (Figure 1) provided
useful figures, which is an increase of 3 as compared with the
previous returns,

Furthermore, another inquiry was carried out in order to
evaluate the representativity of the survey. This was achieved
through a comparison between the number of asbestos
workers whose exposure is known and the total number of
asbestos workers exposed among the company members from
24 national associations. Altogether about 75% of the factories
within the national associations took part in the inquiry, which
corresponds respectively to 78 % of the asbestos workers, Of

course, one should remain very cautious on such an evalua-
tion as there is obviously no one national or international bind-
ing rule for a company to become 2 member or take part in
the activities of an industry association. This point is primarily
important to consider in connection with some of the small
but numerous companies using asbestos at some stage and
which are usually not members of the national asbestos
association.

As a conclusion of this first part of my presentation [ wish to
say that our prime objective remains that all the A.LA.
members should be very soon in a position to contribute to
the survey.

As we shall see during the second part of my talk, significant
progress has already been achieved on the issue. However,
as an introductory warning 1o that second part, I must point
out that the results which I am going to present now cannot
be extrapolated to become a worldwide picture of the situa-
tion and should be cautiously understood within the limited
investigations that any national association may undertake in
this field.

Also, 1 would like to mention that an annual detailed report
of the survey is distributed by A.LLA. to all its members,
disclosing their individual code country number.

Within the limited time which is left now, I shall try to com-
ment on the main findings so far available.

ARGENTINA GERMANY NIGERIA

AUSTRIA GREECE REP. OF SOUTH AFRICA
BELGIUM INDIA SPAIN

BRAZIL IRELAND SWEDEN

CANADA ISRAEL SWITZERLAND

CHILE JAPAN UNITED KINGDOM
DENMARK KENYA U.S.A.

FINLAND MEXICO ZIMBABWE

FRANCE NETHERLANDS

Figure 1. Countries contributing to the 1986 survey.
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PART TWO: EVALUATION AND RESULTS OF THE
SURVEY

Five categories of asbestos activities have been selected and
classified into the following groups:

¢ Manufacturing of asbestos containing products (including
asbestos cement, friction materials, textiles and others)

® Ashestos production (mines, mills)

Figure 2 shows the number of factories contributing to the
1984, 1985 and 1986 survey respectively for the various ac-
tivities described above. Altogether, a significant improve-
ment has been achieved since the initial 1984 survey
(130/302/359) and it can be anticipated that this trend will be
confirmed through the next inquiries.

Looking now at the corresponding numbers of asbestos
workers (Figure 3) whose exposure results will be described
later on, more significant progress in the 1986 returns can be

observed with 45,696 results available which is a one third
increase as compared with the previous year. Most of the
results originate from the asbestos production activity, the
asbestos-cement and the friction material product group.

SAMPLING AND COUNTING STRATEGIES

The method used for monitoring of the workplace is always
the so-called ‘‘membrane filter method”” allowing for a fibre
counting among the particles deposited onto a filtering media
after sampling of a determined air volume during the work-
ing time.

Several international initiatives (such as ISO and the EEC)
have been undertaken to harmonize the various procedures
applied and even though some few divergencies remain, these
are in general much less consequent upon the results than
variations due to the sampling strategies themselves.

As shown in Figure 4, most samples are personal samples,

187

5] 1084 (120)
S 1985 (302)

B 1008 (353

MINMIL. ASB.CEM. FRICMAT. TEXTILE OTHER
Figure 2. Number of factories covered by the A.L A. survey (from 1984 to 1986).

Nb Workers
{x 1000)

1wl 17884

ASB.CEM. FRIC.MAT.

£ 1964 f23564)
55 1505 gurz)

B 1085 (ass08)

OTHER

TEXTILE

Figure 3. Number of workers covered by the A.LA. survey (from 1984 to 1986).
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but the proportion of static samples still remains rather im-
portant mainly for the asbestos-cement group as well as for
the mines.

The survey has also revealed further observations pointing out
that the sampling strategies have been different among the fac-
tories and/or countries. These variations originate mainly
from the selection of a workplace to become representative
of a job group as well as from the annual sampling frequency
in use. In order to reduce the main divergencies on these mat-
ters, some recommendations have been prepared by the Dust
Advisory Panel of A.I.A.; however, it should be acknowl-
edged that defining and harmonizing the sampling strategies

Exposure Assessment and Control Asbesios/Other Fibrous Material

in general remains a rather complex issue.

It is probably through a periodic exchange of views with the
main partners involved on the werking site that the best prac-
tical decision will be achieved in the future.

RESULTS OF INDIVIDUAL EXPOSURE
Figure § illustrates the giobal situation among 45,696 workers
from 359 factories included in the survey.

At this stage no distinction was made between the various
product groups and the data were simply distributed within

Nb Samples
(x1000)
20
17229 B personaL (39674)
15§ B stanc (11820)
10 1
53
2184
B ]
0 J TR | RN o o b SRR : ARRAR NN
MIN.MIL. ASB.CEM. FRIC.MAT. TEXTILE OTHER

Figure 4. Yearly personal and static samples {total number by product group).

2,10% ( 960 )

79,80% ( 36465 )

Y c<05F/cm3
X 05<C<1F/ema
NN 1<C<2F/cm3

Bl c.2Fr/cm3

Figure 5. Asbestos worker exposure—1986 (26 countries—45,696 workers under survey).
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four ranges.
C<O0S5fml ... 79.8%
05<C<ifim. ... ... .......... 10.7%
1<C<2fml............ ... .. ... 7.4%
C>2fml..........o i 2.1%

By reference to a 1 f/ml T.L.V. currently often adopted, it
can be seen that it is effectively enforced for more than 90%
of the workers.

By reference to a 2 f/ml T.L.V. which had been the first in-
ternational guideline recommended by an I.L.O. group of ex-
perts in 1973, it can be seen that a little more than 2% of the
workers have an asbestos exposure above this value.

Figures 6 to 10 evaluate more specifically the mean situation
observed in the various industrial activities.

The mines and mills group (Figure 6) has provided AL A.
with results:

— for 13,499 workers,

— in 17 production sites
— from 6 countries

showing:

— 82.6% of results < 1 f/fml
— 16.0% of results between 1 and 2 £/m!
— 1.4% of results > 2 f/ml

The asbestos-cement group (Figure 7) has provided AL A.
with results:

— for 17,884 workers,
— in 167 factories
— from 23 countries

showing:

—95.5% of results < 1 f/ml
— 3.3% of results between 1 and 2 £/ml
— 1.2% of results > 2 f/m!

The friction material group (Figure 8) has provided A.L A.

Cex0.5

0S5<Caxnl

MINES - MILLS

187
1«C<=2 C>2

CONCENTRATIONS IN FIBRES ML
Figure 6. Asbestos exposure of workers under survey (6 countries—17 sites—13,429 workers).

Cx=0.5
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Figure 7. Asbestos exposure of workers under survey (23 countries-—167 factories—17,884 workers).
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Figure 8. Asbestos exposure of workers under survey (10 countries—64 factories—10,190 workers).
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Figure 9. Asbestos exposure of workers under survey (7 countries—40 factories—2,303 workers).

PO QU - OTHER PRODUCTS

o\ [

Ce=05 05<C<al 1<Cc=n2 C»2
CONCENTRATIONS IN FIBRES AlL

Figure 10. Asbestos exposure of workers under survey (10 countries—71 factories—1,890 workers).
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with results:

— for 10,190 workers,

— in 64 factories

— from 10 countries

showing:

— 96.8% of results < 1 f/ml
— 2.2% of results between 1 and 2 f/ml
— 1.0% of results > 2 f/ml

The textile group (Figure 9) has provided A L A. with results:
— for 2,303 workers,
— in 40 factories
— from 7 countries

showing:

— T71.1% of results < I f/ml
— 13.0% of results between 1 and 2 f/ml
— 15.9% of results > 2 f/ml

The other products group (Figure 10) has provided A.LA.
with results:

— for 1,890 workers,
— in 71 factories
— from 10 countries

showing:

— 87.9% of results < 1 f/ml
— 6.1% of results between 1 and 2 f/ml
— 6.0% of results > 2 f/ml

By comparison, as shown in Figure 11, it can be observed that
the textile activities involved in the survey generate the widest

distribution of results with a proportion above 1 £/ml about
three times higher than the mean (29.9% against 10%) and
still much higher when compared with each one of the groups.

In practice, when looking at the textile situation among the
limited number of countries which provided results for this
product group, it can be assumed that the workers’ exposure
levels remain highly contrasted in this activity.

With more time available it would have been possible to show
more detailed information extracted from this survey.
However, I believe that this talk was sufficient to underline
the most interesting aspects of such an inquiry. I just wish to
add that further work is being carried out in this connection,
mainly to improve the reliability of the data collected.

These are relevant on the one hand to the sampling strategies
as I mentioned before and to the fiber counting activities on
the other hand through an annual microscope international
slide exchange and the preparation of specific training slides.

Finally, before closing my speech, I would not like to con-
clude without pointing out again the most important warning
which I made at the beginning: although we feel quite con-
vinced that this A L A. report is a major step ahead towards
the improvement in the protection against the risks arising
from exposure to asbestos, those results are still not complete
enough to allow their extrapolation, in one way or the other,
to all situations where asbestos can be used in most countries
around the world.

The non existence of results might well be an indication that
the risks are simply ignored, which should then be imperative-
ly reversed and any further relevant existing results made
available to AL A. to improve the quality of this survey will
certainly be most appreciated and useful.

Thank you for your attention.

MIN.MIL, ASB.CEM. FRIC.MAT.
BN centsr/m BN es<«C<cetfrimi MR 1cCen2rim Ml C>2F/Im

TEXTILE OTHER

Figure 11. Asbestos exposure of workers under survey (26 countries—359 factories—45,696 workers).
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DISCRIMINATING AMPHIBOLE CLEAVAGE FRAGMENTS
FROM ASBESTOS: RATIONALE AND METHODOLOGY

A.G. WYLIE, Ph.D.

Laboratory for Mineral Deposits Research, Department of Geology, University of Maryland,

College Park, Maryland 20742, USA

INTRODUCTION

Amphiboles, especially tremolite and actinolite, are major
rock-forming minerals and are common in many industrial
mineral products including crushed stone, vermiculite, in-
dustrial talc, playsand, and other special use products. Most
epidemiological and experimental data support the conclusion
that amphibole cleavage fragments are not carcinogenic!?
while it is well established that amphibole asbestos can be a
potent carcinogen. Nonetheless, OSHA continues to keep the
question of the carcinogenicity of cleavage fragments open.>
It is my contention that uncharacterized or poorly character-
ized samples remain at the heart of this disagreement. In this
paper I will describe the unique mineralogical properties and
dimensions of asbestos, paying particular attention to
tremolite-asbestos, actinolite-asbestos and other varieties of
these minerals. Despite the fact that mineralogists have urged
health scientists to be more precise in the descriptions of
minerals used in experiments, there still remains the need to
ask again.

DEFINITIONS

Asbestos is defined by the Glossary of Geology* as “*a com-
mercial term applied to a group of highly fibrous silicate
minerals that readily separate into long, thin, strong fibers of
sufficient flexibility 1o be woven, are heat resistant and
chemically inert, and possess a high electrical insulation and
therefore are suitable for uses where incombustible, noncon-
ducting or chemically resistant material is required.’” (p.41)
Heat resistance, chemical inertia and high electrical insula-
tion are properties of almost all silicates and are therefore not
unique to asbestos. However, long, thin, strong, flexible fibers
are limited almost exclusively to asbestos and define the
asbestiform habit. This definition is based on the commercial
properties that made asbestos use so widespread. Dana,
however, defines asbestos based only on mineralogical prop-
ertics as follows: ““Tremolite, actinolite and other varieties
of amphibole pass into fibrous varieties, the fibers of which
are sometimes very long, fine, flexible and easily separable
by the fingers and look like flax. These kinds are called
asbestos.” Dana also noted that there are varieties of am-
phibole that are very similar to asbestos but lack the flexibility
of asbestos. He called this material byssolite.? Byssolite is
too stiff to weave into cloth so according to both definitions
it is not asbestos.

The word asbestiform has been used in the epidemiological

literature and to describe the minerals found in commercial
products in many ways. It has been applied to mean asbestos
and to describe minerals such as tremolite that are not asbestos
but may sometimes occur in nature as asbestos. This con-
tradictory use of the term has rendered it almost useless. This
is extremely unfortunate because the mineralogical definition
of asbestiform could have great utility in the literature that
deals with the carcinogenicity and fibrogenicity of mineral
fibers. In fact, until precise mineralogical terminology is
employed in describing minerals used in biological ex-
perimentation, the results of such experiments cannot be used
to generalize about the health effects of mineral size, shape,
chemical composition or habit.

In the mineralogical sense, the term asbestiform can be defined
under the microscope by the following characteristics:

1. mean aspect ratio of 20:1 or greater for fibers longer
than § micrometers,
2. very thin fibrils, usually less than 0.5 micrometers in
width, and
3. two or more of the following:
a. parallel fibers occurring in bundles,
b. fiber bundles displaying splayed ends,
c. fibers in the form of thin needies,
d. matted masses of individual fibers, and
¢. fibers showing curvature,

This definition is based on the mineralogical properties and
dimensions of both commercial and non-commercial asbestos
which are described in the following sections.

MINERALOGICAL PROPERTIES OF
ASBESTIFORM MINERALS

Fibrillar Structure

Asbestos of all types is composed of bundles of individual
fibrils. These fibrils vary in size among the different asbestos
types and occurrences. South African and Australian
crocidolite has a fibril that ranges in width from about 500 to
2000 A; grunerite-asbestos from South Africa ranges from
about 2000-6000 A and chrysotile fibrils from most localities
range from about 200 to 500 A in width.¢ Actinolite-
asbestos, tremolite-asbestos and anthophyllite-asbestos have
fibril widths that are comparable to South African amosite.
The width of byssolite fibers may range up to ten micrometers
or more.
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Asbestos fibrils share a cormmon axis of elongation but are ran-
domly oriented with respect to the other crystallographic
directions. There have been reports of other minerals form-
ing between fibrils (talc, brucite), but generally asbestos fibers
are monomineralic. The fibrils are held together by weak
bonds and the fibrils are easily separated by gentle pressure
of the hand. Separation of the fibrils in this manner is not
cleavage; no structural bonds are broken.

The fibrillar structure of asbestos hinders the use of single
crystal X-ray techniques to study it. Instead of producing a
pattern of spots which can be interpreted to determine sym-
metry and structure, an asbestos fiber with a diameter of about
0.1 mm will produce a pattern consisting of lines derived from
spot patterns of thousands of individual fibrils that share on-
ly one crystallographic axis in common. For many years, the
inability to stady asbestos by classical X-ray techniques left
the determination of symmetry to the optical properties (which
also are affected by the fibrillar structure), and the common
amphibole-asbestoses crocidolite and amosite were thought
to be orthorhombic rather than monoclinic which they are now
known to be.”

Monoclinic amphiboles exhibit the property of oblique extinc-
tion when viewed under the petrographic microscope. This
property arises because the principal optic directions (X, Y,
and Z) are not parallel to the principal crystallographic axes
(a, b, and ¢). Oblique extinction is found in minerals that
belong to the monoclinic and triclinic crystal systems, but is
lacking in minerals that are orthorhombic, hexagonal or
tetragonal. Minerals of the latter group exhibit parallel extinc-
tion. However, all types of asbestos exhibit parallel extinc-
tion, regardless of the crystal system to which they belong.
This arises because the individual fibrils are smaller than the
resolution of the light microscope so that their properties can-
not be examined individually. Instead, a group is always
observed. In some samples of asbestos, some individual fibrils
approach 1 um in width. These fibrils should show the pro-
perties characteristic of the crystal system to which they
belong. In some specimens, notably those with low tensile
strength, they do; but in others, they do not. Amosite, for ex-
ample, has fibrils that approach 5000 A. These are large
enough to be seen optically. However, they always exhibit
anomalous parallel extinction. {100} twinning is very com-
mon in amphibole asbestos, and if pervasive, could account
for this anomalous behavior.%%:10

It should be mentioned that the peculiar optical properties of
asbestos have been recognized for many years. Deer et al.!!
state that amosite and crocidolite have parallel extinction.
Heinrich?? explains the parallel extinction of asbestos in
terms of its fibrillar structure and points out that tremolite-
asbestos was originally identified as anthophyllite because of
its optical properties.

Tensile Strength

The high tensile strength of asbestos is clearly related to the
fibrillar structure. Asbestos has a 10 to 30-fold increase in ten-
sile strength over nonasbestos forms of the same minerals. In
the case of the amphiboles, the tensile strength varies inversely
with the fibril width.7-12 This means that the tensile strength
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of South African crocidolite is greater than that of the South
African amosite which in turn has a tensile strength greater
than Finnish anthophyllite.

Zoltzi® has suggested that the high tensile strength is related
to the surface structure of the fibrils as well as to their width.
Under the scanning electron microscope, the mirror-like sur-
faces of asbestos are evident. They lack cracks and other im-
perfection that contribute to a decrease in the ideal tensile
strength. By contrast, cleaved fragments of the same mineral
usually have rough, irregular surfaces. It has been known for
many years that the strength of a fiber is inversely proportional
to the diameter. According to Zoltai!? this is often related to
an increased strength of the surface structure of fibers which
becomes increasingly important as diameter decreases.

Crystal Forms

Cleavage in amphiboles takes place along the {110} surfaces
({210} in the orthoamphiboles). Therefore, most amphibole
particles that have been cleaved are bounded by these surfaces.
However, some amphiboles may also exhibit parting along
{100} and/or {010}. Parting in common iboles is not
usually well developed so amphibole fragments are bounded
by these surfaces only rarely.

By contrast, amphibole asbestos fibrils are frequently bounded
by {100}, {010}, and {110} faces with {100} being the most
well developed, providing lath-like fibers. %14 Dorling and
Zussman!® conclude that these are generally growth sur-
faces, not cleavage planes, although twinning on {100} is
commen in amphibole asbestos and parting may contribute
to the development of this surface.

THE SIZE AND SHAPE OF ASBESTOS FIBERS

Bulk Samples

Length, width, and aspect ratio distributions of populations
of bulk samples of many types of asbestos have been deter-
mined. $-16.17.18,19.20.21 To some extent the dimensional
characteristics of these populations are dependent on the sam-
ple preparation techniques, primarily the degree of grinding.
However, except under the most extreme conditions, when
grinding has been so prolonged that the particles are reduced
to nearly equidimensional masses, certain characteristics of
ashestos are retained. For example, sample preparation disag-
gregates asbestos fibers and, to a greater or lesser degree,
separates individual fibrils. However, because the width of
a fibril is established during the formation of asbestos and
because of the high tensile strength of asbestos, the widths of
asbestos fibers are not easily altered. Another dimensional
characteristic that is normally unaffected by sample prepara-
tion is the relationship between width and length.Z? The
width of an asbestos fiber is essentially independent of its
length while for populations of cleavage fragments, as the
length of a particle increases, so does its width.1? (Mixed
populations will show characteristics between these two.)
Aspect ratio has been used frequently to characterize mineral
particle populations. However, to be used effectively, aspect
ratio comparisons must be restricted to particular ranges in
length.

Table I gives the width and aspect ratio distributions of fibers



Exposure Assessment and Control Asbestos/Other Fibrous Material

“Table 1
Commercial Asbestos—Width Distribution
(a) (b) (e)

Z longer X of (a) with Z of (a) with

than 5ym widths < 1.0um widths < 0.5um
crocidolite
Socuth Africa 48 98 85
amosite
South Africa 3 N 50
chrysotile
Quebec 38 99 94
chrysotile (SEM)
California 54 98 94
chrysotile (TEM)
California 8 100 98

COMMERCIAL ASBESTOS - ASPECT RATIO DISTRIBUTICN

(a) (b) (c) (d)
2 of (a) with X of (a) with 2 of {(a) with

% longer aspect ratio aspect ratio aspect ratio

than Sum > 10:1 > 15:1 > 20:1
crocidolite 48 99 95 89
South Africa
amosite 98 84 75
South Africa 73
chrysotile 38 100 98 96
Quebec
California
chrysotile (TEM)
California 8 99 97 96

longer than § micrometers for four samples of commercial
asbestos. These samples have been described by Campbell et
al.® The small widths and high aspect ratios are the hallmark
of asbestos, even for amosite which hag the widest widths and
lowest tensile strength of the four major commercial asbestos
varieti:ess. Simitar distributions are found for airborne
fibers.

Tables IT and III present the width and aspect ratio distribu-
tions for tremolite and actinolite samples of several different
habits. Only data for particles longer than 5 micrometers with
aspect ratios greater than or equal to 3:1 are included.
Therefore, the data do not reflect the distribution within the

eatire population but only for the particles that are elongated.
(The data are limited to these dimensions because some of the
data were collected only for these particles.)!8.24

Under the microscope, the two samples of actinolite-asbestos
(samples 1 and 2) exhibit all the characteristics of the
asbestiform habit and satisfy the commercial definition of
asbestos. Sample 3 and sample 6 are both from India but are
slightly different. Sample 3 is asbestos while sample 6 is a mix-
ture of both asbestos and byssolite. The differences are most
apparent in the percentage of particles with aspect ratios in
excess of 20:1 (55 vs.25). The data for samples 4 and 5
come from Atkinson et al, ® The tremolite is associated with
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vermiculite at both locations. At Libby, the tremolite is
asbestiform (A.M. Langer, personal communication); at
Enoree, South Carolina, the tremolite is described as a mix-
ture of both asbestiform fibers and cleavage fragments.!®
Samples 7, 8 and 9 are populations of cleavage fragments. The
data for samples 8 and 9 were derived from particles collected
on airfilters. These samples lack the characteristics of
asbestos. The particles are much wider, shorter, and have
smaller percentages with aspect ratios greater than 20:1 than
asbestos.,

CONCLUSIONS

In describing mineral samples for biclogical experiments,
hand specimen descriptions, locations, chemical composition,
microscopic properties and comprehensive dimensional data
should be provided. If these data are available, the differences
between cleavage fragments and asbestos fibers are obvious.
Even fibrous nonasbestiform byssolite can be distinguished.
It is esseptial if we are to understand what properties of
minerals make them carcinogenic, fibrogenic or benign that
comprehensive data be published for all minerals used in
biological experimentation.

Table I
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Tremolite and Actinolite—Width Distribution—
Particles with AR > 3:1

(a) (b) (c)
X longer X of (a) with % of (a) with
than 5im  width S 1,0um  width £ 0.5m

1. actinolite-asbestos
mountain leather 12 98 90
locality unknown
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South Africa

3. tremolite-asbestos No data available
India(24)

4. tremolite-asbestos(18) 43 87 54
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India

7. tremolite 20 9 0
New York

8. actinolite(airborne) 29 11 <]
Virginia(21)
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{airbormne) 2 <1 0
Minnesota({21)
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A NEW FIBROGENIC DUST SAMPLING METHOD
FOR EPIDEMIOLOGY OF PNEUMOCONIOSIS

Y. HAMMAD + M. Ghiasseddin * H. Abdel-Kader
Tulane School of Medicine, Pulmonary Diseases Section, New Orleans, LA, USA

ABSTRACT

Current sampling instruments of respirable dust (RD) may over estimate the inhaled does by up to 400% depen-
ding on the size distribution of airborne dust. This limitation and the practice of assigning a single value for
RD to all jobs regardless of the level of activity are incompatible with the advances in occupational epidemiology.
A new dust sampler designed to estimate pulmonary deposition (PD) was developed to alleviate these limita-
tions. The device consists of a 10 mm cyclone followed by a single-nozzle one-stage impactor. The dust frac-
tion of interest is collected by impaction on a 10 mm diameter microscope cover slip. Estimation of PD is
obtzined by selecting the appropriate air flow rate and diameter of impactor so that the combined performance
will simulate the bell shaped curves of PD at various respiratory frequencies and tidal volumes. This con-
figuration was selected, rather than two impactors in series, to obtain better matching of PD (impactors have
sharp cut-off curves). A cyclone can also collect large amounts of dust without overloading. Performance
of the sampler was evaluated using monodispersed aerosols 1.1, 2.7, 4.7, 9.8 um and geometric standard
deviations

< 1.2. The results indicate that PD is estimated very closely by the new sampler.

No Paper provided.
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SYSTEM FOR PROTECTION AGAINST EXPOSURE TO ASBESTOS
IN A FACTORY FOR DE-INSULATION OF RAILWAY CARS

B. SPERDUTO* ¢ E.Graziano ¢ N. Castellino®

*Institute of Occupational Health, Catholic University, Rome, Italy

INTRODUCTION

The Manufacturing of asbestos or the handling of products
containing asbestos, provoke contamination of environments
both in and out of work areas. The significant efforts made
in the last few years, have shown that it is possible to control
the work exposure risk within maximum safety limits. In fact,
both the use of good procedure regulations and suitable per-
sonal protection means, together with constant and detailed
instruction of personnel, can reduce professional exposure to
levels of only a few fibers for liter of air.

On the contrary, it is not easy to prevent the dispersion of the
fibers outside the work sites due to the large guantity of
asbestos that moves around the continuous traffic of person-
nel in some way contaminated. Currently available informa-
tion does not allow us to establish a threshold limit where the
risk of cancer is null; in fact, the W H.OQ. and other research
agencies’ projections require fiber dispersion to be practically
null in external environments.

RESEARCH OBJECTIVES

Our research began by noting that currently existing recom-
mendations and regulations regarding good procedures are not
able 1o assure adequate environmental protection. In our opin-
ion, one of the main causes of environmental contamination
is, paradoxically, attributed to the workers means of protec-
tion. In fact, in order to achieve maximum safeguarding of
workers, we are forced to constantly use personal means of
protection, from the semi-protective mask to the positive
pressure heimet. This creates the need for frequent breaks in
decontaminated and clean areas, where the concentration of
fibers is practically the same as the outside environment.

In order to obtain these conditions, the workers must pass
through various areas where they remove their overalls, shoes
and protective covering; in order to ascertain complete and
safe decontamination, it is often compulsory to complete the
latter under a shower of water (erf. Circular n. 45, Ministry
of Health, Italy). It has been proven that simple, air spraying
showers do not assure good decontamination of workers, thus
the water shower appears to be mdxspensable if a perfectly
clean rest area is desired. However, it is difficult to require
the workers to take several showers, and they most probably
will be tempted to pass quickly through, thwarting the efforts
made to keep the rest area clean.

MATERIALS AND METHODS

In order to solve this problem, we thought of creating water-
proof overalls that are attached to a sack-like helmet, which
in turn is fed by a pump equipped with an absolute filter. The
overalls are made of a light-weight polyester fabric (Figure
1) lined with a water vapor, permeable PTFE film. They
weigh less than 500 grams. The overalls have a double zip-
per which closes in the front to assure that they are waterproof
(Figure 2). There is also a long, semi-stiff collar (Figure 3)
over which the neckline of the helmet is ightened {Figure 4).

The inside of the helmet is equipped with an overturned *“U*”
shaped diffusor that prevents the pump’s air streams from fog-
ging up the visor and from directly striking the workers face
and head. Once the helmet is placed on the head and proper-
ly fitted and tightened around the overalls, the air penetrates
the overalls slightly inflating them and finally exiting from the
wrists and ankles (Figure 5), assuring transpiration from the

workers body.

We tested this simple and easy to use personal protection
system in a railway car de-insulation industry.

Upon exiting the work area, the workers pass through a
multiphase decontamination system.

1. A water filled tank, approximately 20 cm in height, is
used for the first washing of the rubber boots;

2. A first stall where a strong blast of air removes the larger
fibers;

3. A second stall where a water shower thoroughly cleans
the overalls and helmet, removing even the smallest of
fibers (Figure 6);

4. A third stall where a stream of air dries the overalls and
helmet;

5. By passing through a second water filled tank for an ad-
ditional boot washing and two air locks, the workers
have access to an areca where they can remove their
overalls, helmet and boots and then move on to the rest
area dressed in the cotton clothing that they wear under
the overalls,

The first tests we carried out show that with adequate worker
training and careful study of work-break cycles, it is possi-
ble to limit the environmentat concentration of the rest area,
where some 50 people pass through, to 1-5 fibers/liter of air.
The use of this decontamination system allowed us to reduce
the environmental concentration of asbestos fibers. In fact,
it was possible to soak the material 1o be de-insulated in a
diluted solution of a tensio-active substance, thus reducing
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environmental pollution from approximately 200 ff/ml to ap-
preximately 5 ff/ml during the highest pollution production
phase. With the previous air-spray decontamination system,
it was not possible to wet the asbestos. We are currently

researching ways to optimize this study, reducing the meta-
bolic charge as much as possible, in order to limit perspira-
tion, thus improving the workers comfort and reducing the
frequency of breaks.
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Figure 2.
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Figure 4.
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Figure 5.
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ENVIRONMENTAL PULMONARY MINERAL BURDEN CORRELATED
WITH SMOKING, PULMONARY EMPHYSEMA AND LUNG CANCER

O. TAIKINA-AHO + S, Anttila » P. Paakko ¢ S.J. Sivonen + P.L. Kalliomaki
Institute of Electron Optics and Department of Pathology, University of Oulu, Oulu, Finland, and In-

stitute of Occupational Health, Helsinki, Finland

INTRODUCTION

In order to be able to identify a significant lung particle burden
exceeding the background, it is necessary to know the basic
pulmonary level of inhaled particles in 2 population. The
amount of asbestos fibers in lung tissue which coulid originate
from environmental sources would be an especially impor-
tant piece of information. Numbers of asbestos fibers reported
in the lung tissue of occupationally non-exposed people in the
literature have varied from less than half a million to several
millions per gramme of dry lung tissue.!-3 Some of the dif-
ferences may be due to inter-laboratory variation in fiber
determinations, which has been reported to be vast.*

Environmental exposiire to minerals varies at least due to local
¢limatic conditions, the earth’s crust and envirommnental pollu-
tion. The worst personal source of pollution is smoking.
Smeking in itself, and diseases related to it, including chronic
obstructive lung disease, pre-cancerous bronchial epithelial
changes and cancer, may alter the deposition and retention of
inhaled particles. Pulmonary emphysema is a morphological
counterpart of chronic obstructive lung disease, and its severi-
ty also serves as an objective indicator for the duration of
smoking in the course of the subjects life. The present paper
describes pulmonary mineral content in a series of occupa-
tionally non-exposed subjects from Northern Finland and
compares it with smoking history, the grade of pulmonary em-
physema and the presence of lung cancer.

MATERIAL

20 cases were selected from an initial series of 42 male sub-
jects who had died of non-malignant diseases and been autop-
sied and 53 male patients operated on for lung cancer. Smok-
ing habits, measured in smoking time, pack years and time
since stopping smoking, and also occupational history, were
determined from the patient or from the next of kin by means
of a questionnaire and/or personal interview. The effects of
smoking, pulmonary emphysema and lung cancer on the
pulmoenary mineral content were studied in 13 pairs matched
in terms of given background characteristics (Tables [-IIT).

METHODS

The lungs and lung lobes obtained from the autopsies and
surgical operations were radiographed during continuous air
inflation’ and the severity of emphysema was graded into
normal, mild, moderate and severe from these radiographs

on the grounds of peripheral vascular changes, tissue defect
translucencies and changes in the shape of the lung or lobe.¢
The lungs were fixed transbronchially with hyperosmolar for-
malin. The grade of emphysema was also estimated from
gross specimens and histological sections and these data were
used if grading from the radiographs did not produce an unam-
bigious result. The histological type of cancer was determined
according to the WHO classification of tumours.

A 0.5-1 g peripheral sample of fresh lung tissue containing
no pleural surface or cancer tissue was taken from the (apico)
posterior segment of the upper lobe and the apical segment
or basal segments of the lower lobe afier radiographing. The
samples were ashed in aluminium cups in a low temperature
asher with an oxygen plasma, after which the ash was dis-
solved in 1 M nitric acid to remove excess salt and then in ab-
solute ethanol and distilled water. The residue was sonicated
and various dilutions filtered onto a Nuclepore filter of pore
size 0.1 gm. The filter, coated with carbon, was transferred
onto a gold grid and dissolved slowly in chloroform vapour.
The grid was coated again with carbon to minimize charging.

Electron microscopy was performed using a JEOL 100CX
scanning transmission electron microscope (STEM) and PGT
SYSTEM Il energy dispersive spectrometry (EDS). At least
a hundred particles ( >0.1 um) per specimen were identified
using EDS analysis and electron diffraction. Two dimensions
on each particle were measured on the STEM image, the
thickness being assumed to be equal to the width for all
minerals other than phyllosilicates (0.2 X width). Approx-
imate volumes were calculated for the minerals, after which
their masses could be determined from their known densities.
To determine the number of fibers, 100 fibrous particles hav-
ing the length to diameter ratio > 3:1 were searched and iden-
tified. Statistical comparisons were performed using paired
t-tests, in which p values less than 0.05 were considered
significant.

RESULTS

The pulmonary particle burden, measured as total mass,
volume and surface area, showed very narrow variation
depending on smoking, pulmonary emphysema or lung
cancer, whereas the number of particles and the mean parti-
cle size showed some dependence on these factors. The mean
total number, volume, surface area and mass of mineral par-
ticles in the material (+SD) were 1551194 x 108,
0.15+0.16 mm?, 655+670 mm? and 0.41+0.43 mg per
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Table I

Characteristics of the Case-Control Pairs Chosen for
Studying the Effect of Smoking on the Pulmonary Mineral Burden

Age Smoking Smoking Grade of Occupation Lung Site of
time emphysema cancer sample¥*
1. 75 Nou-smoker 0 No Farmer No BLL
71 Smoker 25 Mild Unknown No AUL
2. 79 Ron-smoker 0 Mild Unknown No BLL
75 Smoker 44 No Roadman No BLL
3. 73 Non-smoker 0 Mild Car driver No AUL
61 Smoker 46 Mild Road scraper No AUL
driver
4, 77 Non-smoker 0 No Unknown No BLL
72 Smoker 25 No Salesman No BLL

* AUL= apical upper lobe, ALL= apical lower lobe, BLL= basal lower lobe

Characteristics of the Case-Control Pairs Chosen for Studying

Table I

the Effect of Pulmonary Emphysema on the Pulmonary Mineral Burden

Age Smoking Smoking Grade of Occupation Lung Site of

' time emphysema cancer sample¥®
1. 72 Swmoker 25 No Salesman No BLL
71 ? ? Severe Unknown No BLL
2. 71 Smoker 25 Mild Unknown No AUL
60 Ex-smoker 25 Moderate Clerk No BLL
3. 75 HNon—-smoker 0 No Farmer No BLL
68 Ex-smoker 25 Moderate Farmer No AU,
4, 77 Non—-smoker 0 No Unknown No BLL
73 ? ? Severe Roadman No AUL
5. 75 Swmoker 44 No Roadman No BLL
69 Smoker 50 Moderate Caretaker No AUL

* AUL= apical upper lobe, ALL™ Apical lower lobe, BLL= Basal lower lobe



Table III

Characteristics of the Case-Control Pairs Chosen for Studying

the Effect of Lung Cancer on the Pulmonary Mineral Burden

Pathology—Human Studies It

Age Smoking Smoking Grade of Occupation Lung Site of
time emphysema cancer sample¥
i. 68 Ex-smoker 25 Moderate Farmer No AUL
65 Ex-smoker 35 Moderate Farmer Yes BLL
2. 71 Smoker 57 Moderate Mason No ALL
60 Smoker 40 Moderate Sawver Yes AUL
3. 71 Smoker 25 Mild Unknown No AUL
63 Ex-smoker 40 Mild Surveyor Yes ALL
technician
4. 74 Smoker 50 Moderate Caretaker No AUL
73 Ex-smoker 25 Moderate Roadwork Yes ALL
foreman

* AUL= apical upper lobe, ALL= apical lower lobe, BLL= basal lower lobe

gramme of dry lung tissue respectively. In individual cases
the number of particles varied from 10 x 105 to 670 x 108,
and the number of fibers from less than a hundred thousand
to 10 x 10° per gramme of dry weight. The asbestos fibers
were mostly anthophyllite and crocidolite, but not many
amosite and chrysotile were found.

Smoking

The number of particles, including every particle type except
fibers, aluminium, plagioclase and talc, was greater in the lung
tissue of the smokers than in their matched non-smoking

. Kaolinite particles were especiatly numerous in
the lungs of the smokers as compared with the non-smokers.
The differences in the number and type of particles between
the non-smokers and smokers were not statistically signifi-
cant, however. The mean particle size (mean volume of single
particles) was larger in the non-smokers than in the smokers
(p=0.065) (Table IV).

Pulmonary Emphysema

The total pumber of particles in patients with moderate or
severe pulmonary emphysema was lower than in their
matched pairs with mild or no emphysema. Plagioclase was
the only particle type which was more numerous in the em-
physematous lungs. The mean size of single particles was
significantly larger in the patients with moderate or severe em-
physema as compared with controls who had mild or no em-
physema (p<0.05) (Table V).

Lung Cancer

All the cancers included in the material were histologically
of the squamous cell type. The total number of particles did

not differ significantly between the patients with lung cancer
and their matched controls, but the numbers of fibers,
plagioclase, and particles containing aluminium, iron or
titanum only, were higher in the lung cancer patients, the dif-
ference in the number of fibers being statistically significant
(p<0.05) (Table VI),

DISCUSSION

The pulmonary mineral particle burden was measured here
in terms of total number, mass, volume and surface area. The
number of particles varied from case to case and due to smok-
ing and pulmonary emphysema more than the other
parameters did. The total number of particles found in the lung
tissue of the patients without known occupational exposure
to minerals is in a fairly good agreement with the findings of
Churg and Wiggs.” In the present study smokers® lung tissue
contained more particles than that of the non-smokers,
although the difference was not statistically significant. The
total volume of particles did not differ between the smokers
and matched non-smokers, but the average volume of the in-
dividual particles was smaller in smokers, the difference ap-
proaching statistical significance. Churg and Wiggs? found
meore particles in the lungs of heavy smokers than in those of
light smokers. It is not known whether the numerous small
particles such as kaolinite in smokers’ lung tissue originate
from the tobacco smoke or whether their additional presence
is due to a deterioration in mucociliary clearance in smokers.

The effect of puimonary emphysema on the total number of
particles and the mean volume of single particles seemed to
be the opposite of that of smoking. The small number of par-
ticles in the emphysematous lungs may be attributable firstly
to tissue destruction, and secondly by a reduction in the in-
halation of particles from tobacco smoke, since many people
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with marked emphysema stop or cut down their smoking
because of dyspnoea.

The lung cancer patients did not differ significantly from their
matched controls in terms of pulmonary particle burden.
Churg and Wiggs? found a greater number of particles in
lung cancer patients than in controls without cancer, but this
could not be found here. On the other hand, the number of
fibers was significantly higher in the fungs of the present lung
cancer patients than in those of the controls, even though none
of them had any known occupational exposure to asbestos.

The same observation is recorded by Churg and Wiggs,? but
the number of fibers they found in both the lung cancer and
control patients was about ten times higher than we could
detect. Similarly, ten to fifteen times higher pulmonary con-
centrations of fibers are reported in lung cancer patients in
another study from Great Britain® than we found in our pa-
tients. The difference may be due to the slightly different
methods used, but it is also possible that the finding is real
and reflects the degree of local environmental outdoor pollu-
tion or an unrecognized presence of asbestos materials in
buildings.

Mean Number and Type of Particles 1: :.:lzgliissue from Non-Smokers and Smokers
Non-smoker - Smoker t p
{4 pairs)
Total number (1106/3 dry w.) 106 - 214 0.6 NS
Total volume (m3/g dry w.) 0.2 - 0.2 0.2 NS
Total surface (mmzlg dry w.) 736 - 798 0.1 NS
Total mass (mg/g dry w.) 0.4 - 0.5 0.2 NS
Mean particle volume (um3) 1.5 - 0.8 2.5 <0.07
Numbers of particles (x106/g dry w.):
Fibers 3.2 - 1.2 0.6 NS
Al 0.9 - 0.5 0.5 NS
Fe 8.1 - 14.8 0.4 NS
Kaolinite 7.6 - 29.9 0.8 NS
K-feldspar 18.2 - 27.8 0.5 NS
Mica 23.4 - 60.5 0.7 NS
Plagioclase 15.4 - 9.6 1.0 NS
Quartz 14.8 - 27.8 0.5 NS
Talc 2.1 - 2.0 0.1 NS
Ti 5.5 - 10.0 0.4 NS
Others 10.5 - 29.0 0.8 NS
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Table V

Mean Number and Type of Particles in Lung Tissue from
Patients with and without Pulmonary Emphysema

No emphysema - Emphysema t P
(5 pairs)
Total number (2106/g dry w.) 194 - 50 1.1 NS
Total volume (mmalg dry w.) 0.2 - 0.2 0.1 NS
Total surface (nmzlg dry w.) 718 - 453 0.5 NS
Total mass (mg/g dry w.) 0.5 - 0.4 0.1 NS
Mean particle volume (uma) 1.0 - 2.8 - 2.8 <0.05

Numbers of particles (x106/g dry w.):

Fibers 0.9 - 0.3 0.9 NS
Al 0.9 - 1.0 - 0.1 NS
Fe 15.4 - 0.1 1.5 NS
Kaolinite 26.2 - 3.6 1,1 NS
K-feldspar 25.7 - 10.5 1.0 NS
Mica 50.4 - 6.0 1.1 NS
Plagioclase 11.1 - 13.4 - 0.6 NS
Quartz 27.3 - 5.4 1.3 NS
Talc 2.2 - 0.6 1.5 NS
Ti 11.5 - 2.0 1.2 NS
Others 22.8 - 7.5 0.8 NS
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Table VI

Mean Number and Type of Particles in Lung Tissue from
Patients with and without Lung Cancer

No cancer ~ Lung cancer t P
(4 pairs)
Total number (xloﬁlg dry w.) 218 - 164 0.3 NS
Total volume (mslg dry w.) 0.3 - 0.1 1.5 NS
Total surface (mzlg dry w.) 1098 - 541 0.8 NS
Total mass (mg/g dry w.) 0.9 - 0.3 1.4 NS
Mean particle volume (uln3) 2.7 - 0.9 2.0 NS
Numbers of particles (xloelg dry w.):
Fibers 0.2 - 1.2 - 2.9 <0.05
Al 0.6 - 5.3 - 0.8 NS
Fe 13.2 - 16.2 - 0.1 NS
Kaolinite 29.5 - 9.5 0.7 KS
K-feldspar 29.3 - 23.6 0.3 NS
Mica 58.9 - 13.7 0.9 NS
Plagioclase 12.7 -  26.4 - 1.4 NS
Quartz 30.0 - 16.6 0.5 NS
Talc 0.2 - 0.0 1.0 NS
Ti Il1.4 - 41,2 - 0.8 NS
Others 32.1 - 11.9 0.9 NS
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ELEMENT ANALYSES IN HUMAN LUNG TISSUE CORRELATED
WITH SMOKING, EMPHYSEMA AND LUNG CANCER
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tDepartment of Pathology
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§Electrical Measuring Technique, University of Oulu, Oulu, Finland

INTRODUCTION

The results of recent investigations have shown that several
heavy metals accumulate in the lung tissue after inhalation of
relatively insoluble compounds.? The quantitative detection
of the heavy metals in samples of pulmonary tissue hence per-
mits the amount of postexposure to be estimated.® Recently,
there are many possibilities for occupational and environmen-
tal exposures to several trace elements and heavy metals. In
addition to organic compounds tobacco contains metals such
as As, Cd, Cr and Ni.2 Chromium and cadmium are toxic
and carcinogenic elements.

Fragmental knowledge has been published on the tissue levels
of major and minor trace elements in the human lungs in rela-
tion, e.g., to the exposure to cigarette smoke and pulmonary
tissue reactions.” Modern analytical instrumentation reveals
new possibilities for detecting a number of elements in the
same sample.

The aim of this study is to determine the concentrations of light
elements derived mainly from minerals, heavy metals and
essential trace elements in human lung tissue. The elemental
concentrations found in lung tissue are related to smoking, em-
physema and lung cancer.

MATERIAL

The lung specimens were collected from subjects without any
malignant disease and from the lung cancer patients. The

group without malignancies consisted of 41 lungs (alternative-
ly the right or the left long) from consecutive autopsies of male
subjects with or without emphysema (Table I). Because em-
physema is an indicator of smoking, the subjects without lung
cancer were selected to include cases with different grades of
emphysema (Table II). Smoking habits and occupational
history were ascertained from the next of kin. The lungs or
lung lobes have been obtained from 52 male patients operated
for lung cancer (Table I). Smoking habits and occupational
history have been acquired by personal interview.

METHODS

The lungs and lobes of lungs were radiographed during con-
tinuous air-inflation, and the severity of emphysema was grad-
ed from the radiographs into normal lung and mild, moderate
and severe emphysema.® In addition, the grade of
emphysema* and the histological types of cancer were deter-
mined from histological sections. !

A piece of fresh lung tissue was taken after radiographing from
the (apico) posterior and anterior segment of the upper lobe
and from the superior (apical) segment and basal segment of
the Jower lobe.!** The sample, measuring 0.5-2 g, contained
no pleural surface or cancer tissue. Equal portions of samples
representing left and right lungs were analyzed of the non-
malignant and cancer material. The fresh sample was
weighted, dried for three hours in vacuum, and ashed in glass
cups with a blank and NBS Bovine Liver (SMR 1577} for

Table I

Age, Smoking Habits and Grade of Emphysema of the Subjects without Cancer
(Autopsy Lungs) and of the Lung Cancer Patients

Autopay lungs

Lung cancer patients

(= 41} (M = 52)
Age, years 8 9 62 + 10
Smoking time, ysars 36 + 15 35 + 11
Stopped, years ago 7+10 5+ 8
Grade of amphysema 2.5 + 0.9 2.6 + 0.8
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Table IT

Age and Smoking Habits of the Subjects without Cancer (a) and
the Lung Cancer Patients (b} Grouped as a Function of Emphysema

a) Autopay lungs (N = 43)

Crade I Grade II Crade II1 Grade IV

{normal) (mild) (mnderate) (severe)

(E = &) (H=20) (N =29) (% = 8)
Age, years 1542 6 + 9 &3 + 8 15 +5
Smcking time, years 2% +9 32 + 12 37 +£ 13 49 & 13
Stopped, ysars ago &+ 12 6+ 11 6+ 10 10+5
Stopped (B = 4) (M = 16) (W= 9) (B = &)
b) Lung cancar patlents (N = 52)

Grade I Grade II Grade III Grade IV

{normal) (mild) {modarate) (severe)

(N = 3) (N = 18) (M = 20) (N =6)
Age, years 53 + 14 59 + 13 65 + & 63 % 7
Smoking time, years 38 + 16 34 % 12 oM+ 9 42+ 8
Stopped, years ago 1] &£+ 9 4 +7 3+3
Stopped (R = Q) (= 10) (M= 7) (B = &)

Table Il

The Element Concentrations in Lung Tissue of the Subjects without Malignant
Disease and in Surgical Specimens from Lung Cancer Patients

Element ug/g 4ry weight

Autopay lungs Surgical specimens

Bean Ceometric Kean Ceometric P

SD sD

Mg 380 2.0 430 1.8 0.007
ca 630 1.7 140 1.6
i 8.3 2.6 14 3.2 0.031
Cr 2.5 3.2 4.5 2.5 0,006
Fa 1100 1.6 980 2.5
Cu 12 1.5 13 1.8
Iin A7 1.5 50 1.2
cd 1.2 3.5 2.5 2.6 0.012

48-72 hours in a low temperature oxygen plasma asher
(100-120°C).

Tissue residue was digested in a mixture of 3 ml concentrated
nitric acid (supra pure grade) and 0.2 ml of perchloric acid
at 150°C for 2 hours, after which the solution was allowed to
stand over night and diluted in 3—6 ml of high quality water.
The plasma emission (DCP-AES) spectrometer (Spectra-Span
IITB) was used to determine trace elements (Ca, Mg, Cu, Za,
Fe) and heavy metal (Ti, Cr, Cd). The validity of the overall
procedure and the effective control of contamination were
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checked by analyzing the blank throughout the procedure in
each test series and employing the NBS Bovine Liver (SMR
1577) standards.

RESULTS AND DISCUSSION

The concentrations of eight elements in lung tissue were
analyzed (Table IIT). The mean and geometric standard devia-
tions of most of the elements studied lie between those pub-
lished in present papers.”



The concentrations of Mg, Ti, Cr and Cd were higher in the
surgical specimens of lung cancer patients than in autopsy lung
tissue of non-malignant subjects. Table IV reveals that the
severity of emphysema is related to the increase of the concen-
trations of Ca, Cd and Cr. The moderate and severe emphy-
sema is related to the decrease of the concentrations of Cu and
Fe. In lung tissue of non-malignant autopsy lungs the effect
of severity of emphysema was more prominent (Table IV).

The effect of cigarette smoke upon the elements in the lungs
was estimated (Table V). A positive correlation, but not
statistically significant, between the concentrations of Cr and
"Cd and smoking time was found in the non-malignant autop-
sy lungs of the current smokers. The surgical specimens
revealed no significant trend in the concentrations of any ele-
ment as a function of smoking time. The concentration of Cd
was significantly decreased in lung tissue of ex-smokers in
both groups (Table V). A relative correlation was observed
between non-smoking years and the Cd lung content among
ex-smokers. The biological half-time for Cd in human lung
was estimated to be about 9 years.4 The concentration of Cr
was slightly higher in the lung tissue of ex-smokers than in

Pathology—Human Studies 1T

that of current smokers.
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Table IV

Effect of the Severity of Emphysema upon the Element Concentration
in Non-Malignant Autopsy Lungs (a) and in the Lungs of Lung Cancer Patients (b)

Mesan, ug/g dcy waight

a) Autopsy lungs (B = 4))

Grade I Grade II p Grade III Grade IV p Trend; T1)
g 250 400 0.007 390 390 E.S.
Ca 440 560 710 870 1 3-2.7%
31 7.6 7.2 12 8.3
cr 1.6 1.3 3.4 7.1 5.2
Fe 830 1300 0.09% 1200 790 A :B.5.
Cu 5.9 13 0.001% 13 9.3 0.1* A ;W.5.
n 25 sz 0.01% 50 a2 ! ;-2.8%
cd 0.3 1 0.16 1.7 1.8 J 3=1,9%
» Lung cancer patients (N = 51)

Grade I Grade II p Grade ITI Crade IV p Trand; T}
“g 390 430 430 A50 N.S.
Ca 430 760 790 870 7 NS
T 4.0 26 0.04% 10 14 ¥.S.
cr 2.7 5.4 4.4 3.4 §.s.
re 760 1000 1100 870 A ;N.S.
cu 9.6 14 0.07% 14 15 n.S.
n a8 A9 50 Sé u.S.
cd - 2.1 2.0 3.7 / ;N.8,

ligtudent's t-test value
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Table V

Effect of Smoking Habits upon the Element Concentrations
in Lung Tissue of the Subjects without Cancer and of Lung Cancer Patients

Element Mean, ug/g dry weight
Autopsy lungs P Surgical specimens P
Smokers Ex-smokers Smokers Ex—smokacs

"3 190 340 420 450

Ca 630 660 €50 %0 0.005

Ti 11 7 11 18

Cr 1.5 3.5 0.03 4.3 5.4

e 1320 930 0.05 980 930

Cu 13 10 G.03 13 13

n 48 41 AB 52

cd 2.6 0.8 0.001 3.5 1.6 0.042
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LUNG FIBROSIS ASSOCIATED WITH RARE EARTH EXPOSURE

J.R. RUETTNER * M.A. Spycher o P.Vogt

Zurich Pneumoconiosis Research Group, Institute of Pathology, University Hospital Zurich, Switzerland

Diffuse interstitial lung fibrosis (DILF) with the most promi-
pent clinical sign of progressive restriction of respiratory func-
tion may have a variety of causes. The spectrum of disorders
in this category is very large and stifl growing.! Besides
cases with known etiology — viral, bacterial, environmental
etc. — the group of so called cryptogenic or idiopathic in-
terstitial pulmonary fibrosis deserves special attention. Among
these primarily obscure cases those originating from
unrecognized inhalation of organic or inorganic particles may
be hidden. In recent years the application of sophisticated
methods for the search of inorganic noxious particles often
has been most successful in finding the true cause of
pulmonary fibrosis, for instance in workers exposed to hard
metals? or in asbestosis mimicking interstitial pulmonary
fibrosis induced by mica.?

Presently we wish to concentrate on diffuse interstitial lung
fibrosis (DILF) observed in reprophotographers. Until 1960
in Switzerland in large printing laboratories carbon arc lamps
have been used as powerful light sources for reproducing
photographs. The carbon rods contain coal and a wick of rare
earth metal compounds such as Lanthanum, Cerium,
Praseodymium, Neodymium and also Thorium. The
reprophotographers have been exposed to fumes occurring
during burning of the carbon rods.

After years of exposure the workers developed a slowly pro-
gressive dyspnoea. Radiographs showed a diffuse interstitial
pulmonary fibrosis. From the 9 patients reported only three
were diagnosed during life by lung biopsy as suffering from
rare earth exposure. The majority of the cases were diagnosed
as “‘idiopathic’’ interstitial pulmonary fibrosis, since etiology
and relation to occupational fume exposure were not recog-
nized during life.

The average exposure time was about 3] years, the latency
period (interval between onset of exposure to time of analysis)
was on the average 43 years. Data on the concentration of
fume and dust at the workplace are not available. The first
cases were traced and shown to be related to repro-
photographer occupation more than ten years after cessation
of the use of carbon rod lamps. We analyzed our first case
in 1972, the last of our series in 1987 (Table I). Because of
that, for the recognition of the lung disorder as due to occupa-
tional injury the histopathological and mineralogical examina-
tion of the diseased lung tissue with a variety of modern
methods and a careful occupational history is crucial.

The techniques applied were: histology, transmission
elektronmicroscopy, energy dispersive X-ray analysis

{EDXA), selected area electton diffraction (SAED), and
X-ray spectroscopy.$-$

PATHOLOGY

Gross pathology in all autopsied cases of interstitial pulmonary
fibrosis was similar and sometimes difficult to assess. Exten-
sive severe bilateral involvement occurred in only one case.
Focal irregular scarring resembling honeycombing was also
observed. Emphysematous arcas were seen in all cases.

Microscopically the prominent features were marked in-
terstitial fibrosis with mild interstitial infiltration. Lobular and
interlobular septa were fibrosed and occasionally showed pro-
liferation of smooth muscle celis. Interstitial infiltrates of
macrophages containing small non birefringent particles less
than 10 micrometer were present and there was perivascular
accumulation of small deposits of dust particles. Granulomas
were absent. Some alveolar spaces contained groups of
macrophages with dust inclusions. The type I pncumocytes
were proliferating in some areas. There was focal honeycomb-
ing with septal retraction. The pulmonary vessels showed mild
hypertensive changes with muscularization of arterioles.

ELECTRON MICROSCOPY

In alveolar macrophages as well as in extracellular interstitial
spaces electron dense irregular deposits ranging from 0.1 to
10 micrometer were seen. They consisted of densely packed
rodlike mineral particles 0.01 micrometers in diameter and
0.1 micrometer in length.

Energy dispersive X-ray analysis (EDXA) revealed elements
of the lanthanides series. Lanthanum, Cerium were regular-
ly found, less often Praseodymium and Neodymium were
noted. Selected area electron diffraction (SAED) of the ag-
gregates resulted in diffraction patterns characteristic of
brockite and rhabdophane respectively according to the
ASTM Standards. Brockite and rhabdophane are carbonates
and phosphates of the lanthanides.?

X-ray spectroscopy (Debye-Scherrer) revealed Samarium,
Holmium and Thorium in one case and Ytrium in another, The
results are summarized in Tabie II.

DISCUSSION

Although Lanthanides are widely used in industry, (nowadays
also in superconductivity material Bednorz & Muller
Nobelprize 1987) little is known about their effects on human
health. The first radiological report on the lung disease of
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workers exposed to rare earth was published in 1955 by
Scheppers.8 As in our material most of the diseased persons
were engaged in reprophotographic work, and worked for
years with carbon arc lamps producing fumes containing Lan-
thanides and root.? Unfortunately no data are available con-
cerning concentration and particle size of the original fumes.
Retrospectively the patients or their relatives described the
working place as dusty and covered with a fine white powder.

Clinical symptoms occurred in most cases many years after
cessation of exposure. At the time of the clinical diagnosis of
a restrictive lung disorder with the radiologic feature of
pulmonary fibrosis neither the patients nor the physicians were
aware of a rare earth exposure.

The slowly progressive restrictive lung disease and its
unknown origin led to the diagnosis of ‘‘idiopathic’’
pulmonary fibrosis.

Pathologica! findings were not specific. The search for ex-
ogenous particles proved to be successful and diclosed fume
particles consisting of rare earth compounds. Microscopically
it was difficult to visualize them. Electron microscopy,
however, led to the discovery of particles of ultramicroscopic
size in places where their presence was unsuspected. The size
of the particles ranged from 0.1 to 10 micrometer. They were
aggregates of crystals measuring approximately 0.01
micrometer in diameter and 0.1 micrometer in length.

Pathogenctically rare earth pneumoconiosis resembles the
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pulmonary fibrosis of hard metal workers which is similarly
caused by very small dust particles. Rare earth interstitial hung
fibrosis is another example of a lung disorder formerly called
cryptogenic and ultimately etucidated by mineralogic analysis
of the diseased lung tissue. The correlation with a careful oc-
cupational history is also a prerequisite for precise diagnosis.
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COAL WORKERS’ PNEUMOCONIOSIS LESIONS
AND THEIR CORRELATION TO DUST LOAD

V. VALLYATHAN + R. Althouse * F.H.Y. Green

National Institute for Occupational Safety and Health, Div. of Respiratory Disease Studies,
Morgantown, WV 26505, USA

ABSTRACT

The relationship between the development, type, and severity of CWP and the concentration and composi-
tion of dust burden in the lung has been a subject of great interest. Several studies have shown that the concen-
tration of quartz was the most important factor in the development of severe forms of CWP and pure silicosis.
Since coal mine dust contains several minerals, it is important to know the relationship between these minerals
and the development of various pulmonary lesions. Therefore, this study was undertaken to investigate the
relationship between the type and severity of CWP with silica concentration, total mineral load, and coal dust
load. We studied 120 coal miners and 21 non-coal miner autopsy lungs collected from Beckley, West Virginia,
during 1960 to 1972 through consecutive autopsies. Whole lung sections prepared according to standard Gough
procedure were reviewed and graded using NIOSH/CAP criteria. Concentrations of silica, total mineral dust
load, and coal dust burden were determined in freeze-dried samples of the lung using standard protocols. Our
findings indicate a good correlation between the type and severity of CWP and the concentration of total dust
load. In addition, we also found that the proportions of silica and other mineral dust burden is an important
factor in reducing the effects of quartz.

No Paper provided.
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FEEDBACK OF CLEANED EXHAUST AIR INTO WORKPLACE
ATMOSPHERES—EXPERIENCES ON TESTING EQUIPMENT

HELMUT BLOME, Dr. = Manfred Heimann * Wolfgang Pfeiffer

Occupational Safety Institute—BIA, Sankt Augustin, FRG

Under defined conditions, the feedback of cleaned exhaust air
into workplace atmospheres is approved in the industry of the
Federal Republic of Germany. Reqmreuwmsmbembya\p-
turing and precipitating systems are stipulated in technical
regulations. These regulations differentiate according to:

¢ dust collecting machines and instruments for mobile use
and
e central exhaust systems.

Dust collecting machines and instruments have to fulfil the
conditions of a technical test. Occupational Safety Institute

(BIA) is an authorized test institute for industrial vacuum
cleaners, exhaust sweeping machines and dust collectors. In-
dustrial vacuum cleaners and exhaust sweeping machines are
used for the removal of deposited dust. Dust collectors are
used for the exhaustion and precipitation of suspended dust
to be met by these systems were stipulated in 1973 for the first
time. Since then, a total of 450 systems has been tested, about
50 percent of them being industrial vacuum cleaners and 33
percent dust collectors. Acccording to the size of these
devices, suction volume flows range from about 100 to 4000
m> * h-1 (see Table I).

Table I
Dust Removal Equipment
. ' licati exhaust flow rate | tested equipments
equipmen Qa icarion
quip PP (m3. ht ] number | [ %]l
industrial :
N sucking up of 100 - 1.000 220 49
vacuum cleaner (7.000)
deposite
exhaust sweeping
machine dust 200 - 1.000 82 18
sucking off of
dust collector airborne dust 80 - 4.000 148 33
on machines (11.000)
Summary (1973 - 8/88) : 450 100
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Table II contains a survey of dust technique demands on these
instruments. According to their use for the removal of dust
of variable nocuousness, instruments are graded in different
categories (dust classification). In general, demands increase
from the top to the bottom of the list mainly referring to the
required throughput.

With the exception of category L, the specific load per unit
filter surface must not exceed 200 m? * m~2 * h-!. In addition
to requirements concerning the effects, demands with regard
to the construction rise as well beginning at category L and
ending with category V.

Any dust capturing machine has to be equipped with
precipitators primarily supposed to protect the main filter from
being damaged by sharp-edged or pointed objects.
Precipitators are frequently combined with dust collecting
containers or are integral elements of them.

With the exception of category L., any system has to be pro-
vided with a control device.

1. Indicating in industrial vacoum cleaners the decrease of
the average air velocity in the exhaust tube below
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15 m * s-! {in this case, dust transport would no longer
be maintained);

2. Indicating in exhaust sweeping machines that the low
pressure in the broom chamber decreases below 50
N * m2 so that dust may be emitted;

3. Ensuring in dust collectors that the volume flow—
adjusted to the dust source—does not fall short of the re-
quired minimum, This function can be performed for
instance by a suction air control flap installed between
capturing element and dust collector system. The con-
trol flap is supposed to switch off the dust source (e.g.
a brake lining processing machine) when the adjusted
minimum value is reached.

The cleaning of systems graded in categories H, T and C is
intended to separate the dust deposited on the filter and to
transport it to the collecting basin. If filter change is possible
without dust production, easy-change filters—obligatory for
systems of category V—can be used alternatively,

Dust of systems in categories T, C and V has to be disposed of
without dust occurrence, for example using densely locking,

Table I1
Dust Removal Equipment
Effective Requirements
dust with limit values for occupational | degree of flow rate per
dust class | exposure penetration m2 filter plane
example [ %] [m3-m2-h']
ﬂ
L - light > 1[mg-m3) chalk <5 < 500
| ] {£1000)
H - hazard > 01[(mg-m3] quartz <1 < 200
incl. L
T - toxic toxic lead < 05 < 200
incl. L and H
C - cancer carcinogenic asbestos < 01 < 200
inc. LLH and T
V - virus pathogens virus < 005 £ 200
incl. LLH,Tand C
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robust plastic boxes incorporated in dust collecting containers.

Density checking of systems and the checking of operating
not solely be ensured by construction measures but frequent-
ly is only possible in combination with instruction and their
observation.

Systems are provided with a certificate of three years validi-
ty which certifies the suitability for the specific category of
clean air feedback after each of dust technique requirements
has been met.

At the beginning, BIA only tested requirements regarding dust
technique. Since 1979, noise emission of machines and in-
struments has been checked as well.

Increasingly, manufacturers are demanding an overall safe-
ty technique test including mechanical and electrical safety.
In case of positive test results, BIA certifies the fulfilment of
any presently valid safety technique condition. Each year, the
institute publishes a list of systems tested with positive results.
At present, about 90 percent of devices meet overall safety
technique requirements.

Small dust collectors—referred to the space volume of
workplaces—are in general operated with low air volume
fiows. In accordance with valid regulations, air recycled from
small dust collectors must only amount to 1/10 of the fresh
air volume flow for working areas.

‘When different exhaust devices are connected with a central
dust capturing system and exhaust air has to be fed back to
workplace atmosphere after cleaning, the conditions are dif-
ferent. In this case, the proportion of recycled air is mostly
distinctly above 1/10 of the fresh air volume flow.

Fhe cleaned air of stationary dust collectors can only be fed
back to working areas after having obtained the permission
of authorities in charge of occupational protection or of pro-
fessional associations. Permission is granted under the con-
dition that the quartz fine dust concemtration in cleaned air does
not exceed 1/3 of the maximum workplace concentration
value. Since a permanent control of quartz fine dust concen-
trations in recycled air is hardly realizable by technical means,
an evaluation of systems after initial operation has to ensure
that the required threshold value is not exceeded and that this
condition can be constantly maintained.

In gencral, systems are evaluated afier a certain period of
operation. This time comprises between 4 and 6 weeks, i.e.
when filters in the precipitator obtain their optimum
efficiency.

An assessment of the system includes the concentration deter-
mination in recycled air and in workplace atmospheres. At
the same time, the accordance of system performance data
(volume flow, pressure etc.) with actual values (nomimal
values) is checked.

Parallel to measurements of recycled air, quartz fine dust con-
centrations in workplace atmospheres are determined to con-
trol whether emitted dusts are sufficiently captured by ex-
hausting equipment. If threshold values for quartz fine dust
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in workplace atmospheres as well as in recycled air are

observed, an exceptional permission for operating the systems
with clean air feedback is given.

An exceptional permission is not granted if technical data of
the collector do not gnarantee a permanently safe observation
of threshold levels for clean air. Cleaning type of precipitating
elements (filters) and the so-called load per unit filter surface
(air volume flow, referred to filter surface) are essential.

The pressure drop within the precipitator increases if dust
deposits on filter elements grow higher. If dust is not extracted
on time the suction volume may decrease due to higher
pressure loss, thus deteriorating dust capture.

The risk of a higher dust exposure by reduced capturing
degrees is the consequence.

Precipitating elements can either be cleaned continnously dur-
ing operation (on-line cleaning) or discontinuously while out
of operation (off-line cleaning). Continuous cleaning is mainly
performed by a pressure drop-dependent control system or
by a time control system. Discontinuous cleaning demands
the observation of the maximum pressure loss between clean-
ing intervals stipulated for proper operation. To maintain the
safe function of systems a continuous cleaning is preferable.
The pressure loss in units that are discontinuously cleaned has
to be registered and indicated. If pressure loss increases above
maximum level, suitable measures to prevent risks have tobe
taken. For example, a special control systern interrupts dust
emitting procedures and restarts them after cleaning.

Another parameter of operational safety is the filter surface
load. A too high filter surface load results in:

* premature filter wear and
¢ worse characteristics to cleaning.

Filter surface load must not exceed levels between 80 and 100
m3 - m—2 . h-l_

Test Results of Dust Measurements

BIA has perforred numerous measurements in various in-
dustrial plants. Clean air as well as harmful material concen-
trations in workplace atmospheres were measured to evaluate
the efficiency of dust capture in addition to dust precipitation.

1. Workplace atmospheres in foundry iron casting clean-
ing rooms.

After 7 foundries had been found to exceed the levels
of workplace concentrations, pew exhaust systems
recycling clean air were installed. The evaluation show-
ed average fine dust concentrations of 0.43 mg/m? and
average quartz fine dust concentrations of 0.017 mg/m3
in cleaned air. Levels varied between 1.33 mg/m? and
0.03 mg/m? for fine dust concentrations and between
0.05 mg/m?® and 0.004 mg/m3 for quartz fine dust
concentrations.

Measuring results showed the observation of concentra-
tion threshold values for recycled air, partly the levels
were even distinctly below these limits,



Measuring values for workplace atmospheres varied be-
tween 1.5 mg/m? and 0.3 mg/m3 for the fine dust concen-
tration and between 0.16 mg/m?3 and 0.03 mg/m? for the
quartz fine dust concentration, thus proving the efficien-
cy of exhaust systems.

2. Workplace atmospheres in rooms for the hand-grinding
of quartz containing construction elements.

In some inspected enterprises, grinding was perform-
ed in front of an exhaust wall with water screen. Dust
included in suction air was supposed to be precipitated
in the water screen. The air cleaned in this way was led
to workplace atmospheres via a mist collector. Concen-
tration measurements in the whole working room show-
ed the following results: the average fine dust concen-
tration was 1.5 mg/m?3, the quartz fine dust concentra-
tion of 0.3 mg/m? was on the average twice higher than
that of the maximum workplace concentration value of
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0.15 mg/m3. In recycled air a fine dust concentration
of 1.6 mg/m? and a quartz fine dust concentration of
0.32 mg/m* were measnred. This outcome was the
reason to demand the system to be improved.

The exhaust wall was replaced by a cabin. Subsequent
measurements had the following results: in the work-
ing area, the fine dust concentration could be reduced
to 0.11 mg/m? on the average and the quartz fine dust
concentration to 0.01 mg/m3. At the same time, the
fine dust concentration of recycled air decreased 10 0.1
mg/m3 and the quartz fine dust concentration to 0.004
mg/m? compared to the approved quartz fine dust clean
air concentration of 0.05 mg/m?3 (1/3 of the maximum
workplace concentration value). The outcome was
decisive for granting an exceptional permission to
operate the system since the limits for clean air as well
as those for workplace atmospheres were observed.
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EXPOSURES OF END-USERS TO AIRBORNE CONCENTRATIONS
OF FIBROUS GLASS DURING INSTALLATION OF INSULATION
PRODUCTS AND FABRICATION OPERATIONS

C.W. AXTEN* * J.R.Bender* ¢ P.F, Aubourgt » TR Jabobst e

M.R. Kalinowskit ¢ E.J. Klotzt

*Owens-Corning Fiberglas Corp., Fiberglas Tower, T/11, 'I‘oledo OH 45659
$Owens-Corning Fiberglas Corp., Technical Center, P,O. Box 415, Granville, OH 43023, USA

INTRODUCTION

Owens-Coming Fiberglas has supported for many years a
comprehensive industrial hygiene program for the evaluation
of employee exposures to fibrous glass and other airborne con-
taminants in the Corporation’s manufacturing facilities. We
have also collected and analyzed data on the exposures of end-
users of the Company’s products.

In order to expand the data on end-users, an extensive study
of end-users” exposures to fibrous glass during the installa-
tion, fabrication, and use of the Company’s products was in-
stituted. This paper presents the results of this study, and com-
pares exposures observed in end use applications to those nor-
mally seen in manufacturing situations.

MATERIALS AND METHODS

Several hundred paired personal and arca samples were col-
lected in parallel on 0.8 micron pore size mixed cellulose ester
filters mounted in 37 mm dizmeter polystyrene plastic cas-
settes with 16 mm non-electri conductive extension cowls
(i.e. NIOSH P&CAM 239 sampling method!) and in 25 mm
diameter polystyrene plastic cassettes with 50 mm elec-
tronically conductive extension cowls (i.e. NIOSH 7400
sampling method?). This correlative sampling was per-
formed since the majority of fibrous glass monitoring results
obtained in the *‘in-plant”’ program were collected using the
NIOSH P&CAM 239 Procedure. It was felt that if com-
parisons were to be made between the “‘in-plant’* and end-
user data, both sampling methodologies should be employed.

During the initial phase of the study, additional samples were
collected using 0.45 polycarbonate filters mounted in 37 mm
diameter cassettes with 16 mm extensions cowls. However,
this approach was quickly discontinued due to the poor fiber
retention (i.e. fibers were collected but were easily dislodged
during transportation).

All samples were collected at a flow rate of two liters per
minute (i.e. 2.0 1/m) using constant flow sampling pumps.
The pumps were calibrated, with the filter and sampling train
in line, before and after sampling using a precision rotameter
calibrated against a primary standard (i.e. soap bubble meter
for volumetric rate of air flow).

Applications sampled included installation operations involv-
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ing traditional insulation products (i.e.batts, blankets, rolls,
and loose fill insulation); and fabrication operations involv-
ing duct board, duct liner and other industrial products (e.g.
range insulation, mobile home insulation, etc.). Both residen-
tial and commercial sites were evaluated.

All sample filters were mounted using the acetone/triacetin
Clearing method and analyzed via phase contrast optical
microscopy (PCOM) at 2 magnification of 400X. Fiber counts
for all sample filters were derived utilizing the procedures
specified in both the NIOSH P&CAM 239 method as well as
the NIOSH 7400 “*A’* method (i.e. all fibers > 5 microns
in length with aspect ratios equal to or greater than 3:1 were
counted). Glass fibers were differentiated from other fibers
by morphology and shape recogrition. For fibers that could
not be easily identified by phase contrast microscopy, the
samples were cross checked using polarized light microscopy.
Additionally, fiber length and diameter measurements were
determined for some of the samples.

To address fiber adherence to the sampling cowls, after filter
removal, all cowls were rinsed with 25% isopropanol in
distilled water, Rinse solutions were then filtered through 0.4
micron polycarbonate filters, and analyzed using the count-
ing procedures described above.

‘To determine if some of the glass fibers present on the filters
were too fine to be detected by optical microscopy, 40 filters
were also counted by scanning electron microscopy. Two ran-
domly chosen samples were also counted by transmission elec-
tron microscopy. Both analyses incorporated the **A”” count-
ing rules.

After all sample results had been obtzined, matched pair
results were analyzed statistically to determine differences be-
tween the 37 and 25 mm diameter filters. Natural Jog trans-
formed data were used to determine statistical difference at
the 0.05 significance level.

RESULTS AND DISCUSSION

The sample results obtained from this study are presented in
Tables I and IT and Figures 1 and 2. Because a significant con-
centration of fibers were found adhering to the sidewalls of
the cassettes (i.e. NIOSH P&CAM 239 Procedure) and to the
sampling cowls (NIOSH 7400 Procedure), these fibers were
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Table 1
Total Airborne Fiber Concentrations
Obtained by Using the NIOSH P&CAM 239 and 7400 ‘‘A’* Methods
(Combined), Fibers per Cubic Centimeter

ALL FIBERS
---------- Filterg ~~-----=--1~---- Fllters and Gowls -----
ITEM » Exp. 5% 25% # Exp. 95% 95%
Samples Value LL UL Samples Value LL UL
Plants 76 0.024 | 0.018 ] 0.030 71 0.031 | 0.020 | 0.043
Batts - Installers 80 0.17 0.12 0.22 80 0.24 0.18 0.31
Loose Fill Loaders 7
Gubed a6 0.23 c.18 0.28 a6 0.87 0.31 0.43
Mliled 18 0.37 0.20 0.50 18 0.56 0.34 0.81
Loose Fill Installers
Cubed 88 0.76 0.86 0.83 87 1.0 0.87 1.1
Milled 20 0.91 0.61 1.4 20 1.8 0.77 1.8
Table II
Total Airborne Fiber Concentrations

Obtained by Using the NIOSH P&CAM 239 and 7400 **A”" Methods
(Combined), Fibers per Cubic Centimeter

ALL FIBERS

---------- Flliterg - - -~--~=-=-1-=-~-- Fliters and Gowls -----
ITEM # Exp. 28% o6% # Exp. a95% 85%

Samplas Value LL UL Samples Value LL uL
Fabricators 44 0.11 0.083 0.14 44 0.18 0.11 0.19
Metal Bullding Ins 20 0.034 0.028 0.042 260 0.046 0.030 0.059
Moblls Home 20 0.11 0.082 0.17 20 0.17 0.008 0.24
Plpe 19 0.12 0.087 0.18 19 0.18 0.085 0.28
Range 26 0.054 0.034 0.076 26 0.089 0.041 0.087
Duct Liner 24 0.024 0.013 0.038 24 0.030 0.013 0.048
Water Heater i3 0.037 0.022 0.083 13 0.047 0.022 0.071
Flex Duct 80 0.082 0.049% 0.074 80 0.078 0.080 0.090
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also counted. Results are reported as filter only and as filter
and cowl combined. Statistical analysis indicated that there
was no difference between the total fiber results obtained from
the NIOSH P&CAM 239 and 7400 methods using the “*A™
counting rules for either filters only or filter and cowls com-
bined. Therefore, results from the two sampling
methodologies were combined for the data summary and
statistical analysis.

As indicated in Table I and Figure 1, the mean total fiber (both
glass fiber and all other fiber) exposures of employees in OCF
production facilities involved in the manufacture of fibrous
glass insulation products were 0.024 f/cc for filters only and
0.03 f/cc for filters and cowls combined. Further analyses
revealed that 70 to 75 % were glass fibers. Of the glass fibers,
60% were of a respirable size. (Respirable fibers are defined
as those with diameters < 3.5 microns, lengths of 5 to 250
microns, and length to diameter ratios of 3:1). These ex-
posures are representative of 8-hour time weighted average
€xposures.

The mean total fiber (both glass fiber and all other fiber) ex-
posures of individuals installing batt, blanket, and roll insula-

tion was 0.17 f/cc for filters only and 0.24 f/cc for filters and
cowls combined. Additional analyses revealed that 50% were
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glass fibers. Of the glass fibers, 75% were of a respirable size.
As anticipated, loose fill loaders and installers were exposed
to higher mean concentrations of total fiber in the range 0f 0.23
1o 0.91 f/cc for filters only and 0.37 to 1.3 f/cc for filters and
cowls combined, primarily due to the nature of the installa-
tion process. Additional analtyses revealed that 50 10 75 % were
glass fibers. Of the glass fibers, 50to 75% were of a respirable
size. These exposures represent those measured during the ac-
tual installation operations and not during transportation and
preparation activities. Therefore, actual 8-hour time weight-
ed average exposures will be less than those reported above.

Exposures of employees involved in installing a variety of
OCF products are indicated in Table II and Figure 2. Mean
total fiber (both glass fiber and all other fiber) ranged from
0.024 f/cc to 0.12 f/cc for filters only and 0.03 t0 0.17 f/cc
for filters and cowls combined.

Scanning electron microscopy anzlysis of 40 samples,col-
lected at OCF plants and during installation of OCF products,
revealed that all fibers (i.e. length > 5 micron and length to
width ratio > 3:1) are seen by phase contrast microscopy.
Two samples analyzed by transmission electron microscopy
also revealed that all fibers are seen by phase contrast
MicTOSCopy.



CONCLUSIONS AND RECOMMENDATIONS

Total fiber exposures of both OCF insulation production
employees and end users are appreciably lower than the
NIOSH recommended exposure limit for glass fibers (i.e. 3
f/cc). Statistical anatysis indicated that there was no difference
between the total fiber results obtained from the NIOSH
P&CAM 239 and 7400 methods using the ‘‘A’’ counting
rules. A significant concentration of fibers were found adher-
ing to the sidewalls of the cassettes (i.e. NIOSH P&CAM 239
Procedure) and to the sampling cowls (NIOSH 7400
Procedure).

There was no statistical difference between the total fiber
results obtained from the NIOSH P&CAM 239 method when
combining fibers counted from the filters and cassette
sidewalls and the total fiber results obtained from the NIOSH
7400 method when combining fibers counted from the filters
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and cowls. Furthermore, scanning electron microscopy
analysis revealed that all fibers (i.e. length > 5 micron and
length to width ratio > 3:1) are seen by phase contrast
microscopy. Additional research is needed on the optical
micrescopy methodologies for determining respirable fibers
and for identifying glass fibers.
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Department of Health and Human Services, Public Health Service,
Centers for Disease Control, National Institute for Occupational Safe-
ty and Health.
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EXPOSURE OF WORKERS TO RESPIRATORY HAZARDS AT
COLUMBUS COAL AND REFUSE MUNICIPAL ELECTRIC PLANT

IBRAHIM M. SOBEIH, MSPH
Columbus Health Department, Columbus, Ohio, USA

BACKGROUND

The Columbus Refuse and Coal Fired Municipal Electric Plant
(RCFMEP) is the largest refuse derived fuel plant in the
United States. It became operational in June of 1983. The
facility occupies 52 acres, is made up of an eleven story boiler
house, a shredder station and a crane area. The boiler house
contains six balanced draft boilers where a mixture of 90:10
refuse and coal is burned to generate electricity with a max-
imum generating capacity of 90 megawatts. These boilers con-
sume between 500,000-750,000 tons of refuse generated by
Greater Metropolitan Columbus and Franklin County
annually.

The plant is a 24 hour and 365 days per year operation with
the majority of the work performed by three workshifts and
a workforce of nearly 200 employees.

PROBLEM DESCRIPTION

The RCFMEP has striven to apply existing technologies to
new uvses, in this case the use of coal fired power equipment
for reclaiming energy from refuse. The use of this ill-defined
and constantly changing fuel has resulted in a work environ-
ment that presents nurmerous and varied worker exposures to
both identified and unidentified contaminants. Since the
primary fuel used is refuse, a reasonable assumption is that
most anything that is likely to be discarded in the Columbus
Metropolitan area and Franklin County, may at some time ap-
pear at the plant,

The processing and incinerating of refuse, mechanical and
electrical maintenance of the plant, the disposal of the fly and
bottom ash, and the production of steam to generate electricity

causes a host of hazards to workers. These hazards include
microbiological agents, heat, cold, noise, vibration, dust,
heavy metals, pesticides, organics, dioxins, free silica and
possibly asbestos in addition to stress and ergonomic
problems.

Of these hazards free crystalline silica, respirable dust, cad-
mium, beryllium, arsenic, nickel, and chromium (tota! and
hexavalent) are the respiratory hazards considered in this in-
vestigation which is a part of an ongoing comprehensive in-
dustrial hygiene and medical surveillance of the plant work-
force. The reason for evaluating the adverse health effects and
characterization of the airborne levels of these contaminants
is their proven capability of causing injury to the lungs by
either irritation, scarring or cancer formation.7-8.9.10.11.12
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METHODOLOGY

Industrial Hygiene

Respiratory hazards under investigation have been chosen
based upon analytical results of bulk ash and dust samples col-
lected by NIOSH investigators from eight locations in the plant
during a survey in March 1985.! In this investigation, bulk
ash and dust samples were analyzed for their content of thir-
ty one chemical elements, free silica (quartz) and cristobalite.
Cadmivm, chromium, beryllium, arsenic, nickel, respirable
dust and free silica (quartz) were chosen based upon their
presence in the ash and dust, and their definite toxic nature
against the pulmonary system.

To characterize levels of the airborne respiratory hazards
under study in areas of the plant, the plant was divided into
eleven major areas. They are the first floor—quench basins,
second floor—boilers, third floor—electrostatic precipitators,
first floor B—preheater room, fourth floor—refuse feed, fifth
floor, seventh floor, ninth floor, crane area, shredder station
and office. The workforce was divided into mechanical
maintenance, electrical maintenance, crane operators and area
workers, steam operating engineers, boiler operators,
laborers-quench basins area, laborers-ash tunnels and system,
laborers-shredder house, and laborers-refuse feed area.
Mechanical maintenance group works in two twelve hour
shifts, the shredder station is operational only for the day shift,
office personnel work only the day shift, whereas the rest of
the workforce performs the duties on the basis of three eight
hour shifts.

Area air sampling was carried out during January, November
and December of 1987 where as personal monitoring of the
first shift was carried out during January, November and
December of 1987 and once per month for 1988 and is an
ongoing process to the end of this year. Second and third shifts
have been monitored since January of 1988 and will continue
to the end of this year.

Respirable dust, free silica {quartz), cadmium, arsenic, mickel,
beryllium, chromium (total) and chromium VI were air sam-
pled. These samples were shipped and analyzed by
NATLSCO Industrial Hygiene Laboratory in Chicago, II-
linois, for the period prior to June 30, 1988 and Clayton En-
vironmental Consultants Industrial Hygiene Laboratory in
Novi, Michigan beginning July 1, 1988. Sampling and
analysis were performed according to NTOSH Manual of
Analytical Methods, third edition.?



Medical Surveillance

New workers are screened during the probationary period of
employment with emphasis on the respiratory and car-
diovascular systems by means of posterior-anterior X-ray,
pulmonary function testing, electrocardiogram and blood
chemistry to determine the health status of the worker and
his/her ability to use a respirator and work with the foremen-
tioned hazards. Emphasis are on new workers at this point
where nearly 50 workers have been examined. Eventually all
employees, permanent and new, will undergo medical evalua-
tion to establish baseline medical data to be followed by an
annual follow-up, the purpose of which is to prospectively
follow the health of all workers.

STANDARDS AND CRITERIA OF EXPOSURE

Threshold Limit Values (TLVs) of the American Conference
of Governmental Industrial Hygienists (ACGIH),? National
Institute for Occupational Safety and Health (NIOSH) Recom-
mended Exposure Limits (RELs)* and the Occupational
Safety and Health Administration (OSHA) Permissible Ex-
posure Limits (PELs)® are the sources of standards and
criteria of exposure. Table I shows the three standards of ex-
posure to cadmium, nickel, arsenic, chromium-total,
chromium VI, respirable dust, beryllium and crystalline free
silica (quartz),

RESULTS AND DISCUSSION

Evaluation of airborne arsenic, cadmium, total chromium,
beryllium, nickel, respirable dust and free silica in several
locations in the plant was attempted to try to detect gross varia-
tions in the airborne levels of these contaminants in those areas
(Tables II and HOT). These contaminants were either not
detected or below their respective OSHA PELs, NIOSH RELs
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and ACGIH TLVs and without significant variations between
areas. Therefore the idea of characterizing workers” exposure
on the basis of estimating area airborne levels of contaminants
was abandoned.

Evaluation of workers’ exposure to the forementioned con-
taminants on the basis of breathing zone or personal sampling
proved to be more useful. Since the plant operation is a 24
hour operation with work performed in three 8-hour
workshifts in the most part, evaluation of personnel was per-
formed accordingly. Concerning workers’ exposure to hex-
avalent chromium, airborne levels of chromium VI were
within the OSHA PEL-TWA of 400 pg/m3 and ACGIH
TLV-TWA of 50 pg/m? for the three shifts and all worker
groups (Table IV). However, the NIOSH REL-TWA of 1
pg/m? was exceeded in several samples. First shift
mechanical maintenance, laborers-quench basin, laborers-
shredder house personnel exposure exceeded the NIOSH
REL-TWA with levels of 2.2, 1.8 and 1.2 ug/m?3 respective-
ly. Of the second shift personnel only steam operating
engineers group exceeded the NIOSH REL-TWA at 2.7
pg/m?, whereas in the third shift only laborers-ash system
group exceeded NIOSH REL-TWA at 1.9 ug/m>. A 1985
NIOSH study reported chromium VI levels of ND-.8 ug/m3
from 25 samples with none of the levels exceeding the three
standards.!

Breathing zone samples of the three shifts showed that all air-
borne arsenic levels fall below the OSHA PEL-TWA of 10
pg/m? and ACGIH TLV-TWA of 200 ug/m? (Table V A).
However, the NIOSH REL-TWA of 2 ug/m? was exceeded
once where a second shift boiler operator breathing zone sam-
ple showed arsenic levels of 5.8 ug/m3. The Industrial Com-
mission of Chio Survey of August 1984 showed levels of
arsenic of 0.8-54 ug/m? in five samples where ACGIH

Table I
Standards and Exposure Evaluation Criteria

NYOSH REL-TWA OSHA PEL-TWAR* ACGTH TLV-TWA
CONTAMINANT (ug/m3) (ug/m3) (ug/m3)
Cadmfun 40 200 50
Arsenic 2 10 200
Nickel 15 1,000 1,000
Chromium VI 1 100 50
Beryllium 0.5 2 2
Cronfun (Total)* 25 1,000 500
Respirable Dust 5,000 5,000 5,000
Crystalline Silica 50 100 100
(Quartz)

* Includes chromium metal, chromiuvm IT compounds and chromium ITI

compounds as chromium

** Revised exposure limit published by OSHA June 7, 1988
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Table I
Area Air Samples of Arsenic, Cadmium, Total Chromium, Beryllium and Nickel
CONCENTRATION RANGE (ug/m3)

DURATI(N
RANGE
AREA n (MINUTES) ARSENIC CADMITM CHROMIIM BERYLLITM NICKEL
First Floor-690 Level 2 422-476 0.18-0.23 ND-0.29 0.34-0.77 0] ND-0.58
Quench Basing
Second Floor-713 Lewel 2 420-470 0.078-0.12 0.087-0.099 N-2.3 ND N-0.18
Boller Floor
Third Floor-723 Level 2 415462 0.080-0.62 0.92-.94 ND-1.6 ND 0.37-0.64
Electrostatic
Precipitators
Fourth Floor-735 Level 3 40460 0.038-0.091 N>-0.1 N-1.5 1) N
Refuse Feed & Bollers
Fifth Floor-757 Lewel 1 458 0.16 0.10 0.4 o)) N
Seventh Floor-775 Level 2 391452 ND-0.14 0.099-0.10 0.5-1.6 [ )] 2]
Eighth Floor-785 Level 2 380-440 ND-0.043 ND-0.043 1.0-1.4 N ND-.31
Rineth Floor-799 Lewel 2 388-447 N-0.16 0.093-0.11 0.49-4.8 N 0.20-0.32
Shredder House 3 372-453 ND-0.076 N-0.11 ND-2.3 R Np-0.30
First Floor B- 1 420 0.30 0.095 1.1 ND 0.38
Preheater Room
Office Area 1 387 ND 0.11 0.42 ND 0.21
ND - Not Detected
Table HI
Area Air Samples of Respirable Dust and Free Silica (Quartz)
DURATION RANGE RESPIRARLE IIST SILICA
AREA n (MINUTES) RANCE (wg/m3) (ug/m3)
First Floor - 690 Lewel 2 359 - 420 0.17 - 0.36 N
Second Floor - Boller
Floor 713 Level 2 3152 - 420 0.27 - 0.33 ND
Third Floor - Electrostatic 2 355 - 420 0.49 - 2.2 ND
Precipitators 732 Level
Fourth Floor - 735 Lewel 3 350 - 420 0.013 - 0.72 ND
Fifth Floor - 757 Lewel 1 336 0.37 ND
Seventh Floor - 775 Lewel 2 327 - 400 0.22 - 0.29 ND
Eighth Floor - 785 Lewel 2 W7 - 400 0.16 -~ 0.32 ND
Ninth Floor - 799 Lewel 2 323 - 3% 0.29 - 0.59 ND
Shredder House 4 38 - 453 0.031 - 0.088 ND
First Floor B 1 420 0.066 2 4]
Preheater Room

ND - Not Detected
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Table IV
Personal Air Samples of Hexavalent Chromium for the Three Work Shifis
DURATION RANGE OONCENTRATION RANGE
n (MINUTES) (ug/m3)
1ST 2ND 3RD 1ST 2N 3RD IST 2ND 38D
WORKER GROUP SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT
Mechanical Maintenance 3 3 - 414-681 720-820 - w-2.2 ND-0. 56 -
Laborers - Quench Basins 2 3 2 360-480 48O 480 -1.8 -0.98 .30-.76
Crane Operators and Area 2 2 1 352-388 30 480 0.27-0.85 WD-.75 0.36
Boller Operators 5 4 5 388-420 230-480 480 0.27-.82 ND-.9%% ND-.73
Electrical Maintenance 3 1 2 392-400 480 464-480 ND-.54 N ND-.43
Laborers - Refuse Feed 2 2 3 396-420 480 480 .26-.45 ND-.47  ND-.38
Laborers - Shredder House 5 - - 384-720 - - .31-1.2 - -
Steam Operating Engineers 3 2 3 392-461 455-480 480 1) ND-2.7 )
Laborer - Ash System 2 1 2 400-420 480 261-480 0.33-0.54 0.38 .91-1.9

ND - Not Detected
*  There is mo third shift, rather there are two 12 hour shifts
+* laborers of the shredder house work only the first shift

Table V A
Personal Air Samples of the Three Work Shifts for Arsenic

ARSENIC CONCENTRATION
n DURATION RANGE (MINUTES) RANGE (ug/m3)
1IST 2% WD 1ST 2D 3RD 1ST 2ND IRD

WORKER GROUP SHIFT SHIFT SHIFT  SHIFT SHIFT SHIFT SHLFT SHIFT SHIFT
Mechanical Maintenance* 5 3 - 217-455 700-720 - 14-.47 ND-.26 -
Electrical Maintenance 6 2 2 354-465 456-480 470-480  ND-.48 L1} 10 1)
Steam Operating PEngineers 4 2 3 420-476 480 381-480 MD-.11 N o)
Boiler Operators 6 3 5 321-477 480 401-480  ND-.41 -5.8 1)
Crane Operators & Area 4 2 1 420-473  360-480 480 N ND 100
Laborers-Shredder House** 9 - - 346-450 - - ND-.18 - -
Laborers Quench Basins 5 3 3 291-491 480 369-480 ND-.21 W-.60 ND-.81
Laborers Refuse Feed 2 2 3 420-450 480 335-480 1) ) ND-.25
Laborers-Ash System 4 2 1 320-480  359-480 480  0.10-0.70 .19-.40 .24

1D - Mot Detected
X There is no third shift, rather there are two 12 hour shifts
W% Laborers of the shredder house work only the first shift
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arsenic standard was not exceeded. However, NIOSH stan-
dard was exceeded in three of four samples and OSHA stan-
dard was exceeded in two samples.5 As for cadmium, air-
borne levels were all below the OSHA PEL-TWA of 200
pg/m3 and with the exception of one sample all were below
the NIOSH REL-TWA of 40 ug/m? (Table V B). The one
sample that exceeded NIOSH REL-TWA described the ex-
posure of a first shift electrical maintenance worker with 64
#g/m3. On the other hand, all samples with the exception of
two were below the ACGIH TVL-TWA of 5 ug/m®, where
a first shift electrical maintenance worker and a second shift
boiler operator exposure exceeded ACGIH TVL-TWA at 64
and 11 pg/m? respectively. The NIOSH study showed air-
borne cadmium levels of ND-18 ug/m? in 38 samples with
none of the samples exceeding the three standards.! The In-
dustrial Commission of Ohio study reported airborne cad-
mium levels of 0.4-25 pg/m? in 5 samples with none of the
levels exceeding the three standards. 5

Total chromium airborne levels were at or below the NIOSH
REL-TWA of 25 pg/m?, the OSHA PEL-TWA of 1000
pg/m? and the ACGIH TVL-TWA of 500 ug/m3 (Table V
C). The Industrial Commission of Ohio study reported air-
borne total chromivm levels of 0.4-15 ug/m? with none of
the samples exceeding the three standards.5 Similarly,
beryllium airborne levels were below NIOSH REL-TWA of
0.5 ug/m*®, OSHA REL-TWA of 2 ug/m® and ACGIH TLV-
TWA of 2 pg/m? for all shifts and worker groups (Table V
D). For nickel, airborne levels were below the OSHA PEL-
TWA and ACGIH TLV-TWA of 1000 ug/m? for all shifts

n

and worker groups (Table V E). However, NIOSH REL-
TWA of 15 ug/m> was exceeded twice where a first shift
electrical maintenance worker and second shift boiler operator
showed exposures of 16 and 24 pg/m? respectively. The
NIOSH study reported airborne nickel levels of ND-11 in 38
samples where none of the samples exceeded the three
standards. 4

Respirable dust levels were below OSHA PEL-TWA of 5
mg/m3, NIOSH REL-TWA of 5 mg/m? and ACGIH TLV-
TWA of 10 mg/m? with the exception of two situations
(Table VI A). In these two situations, a first shift electrical
maintenance worker and a second shift worker in the cranes
area were exposed to 1700 and 19 mg/m? respectively. The
NIOSH study reported respirable dust levels of 0.09-14
mg/m? in 29 samples with only one sample exceeding the
three standards.! As for crystalline silica (quartz), airborne
levels of this contaminant were below the ACGIH TLV-TWA
of 100 pg/m3 and NIOSH REL-TWA of 50 ug/m? with the
exception of one instance (Table VI B). In this situation a
worker in the crane area was exposed to 220 ug/m3,

It is obvious from the personal sampling data that exposure
patterns are not highly unpredictable. This is true since the
majority of employees do not perform the exact same duties
and are not present in the exact same location every day. In
addition, the major groups, mechanical maintenance, elec-
trical maintenance, boiler operators rovers and steam
operating engineers rovers perform duties that are different
from one day to the next. Perhaps the most important factor

Table VB
Personal Air Samples of the Three Work Shifts for Cadmium

HRATION RANGE (MINUTES)

CONCENTRATION
RANGE (ug/m3)

IsT 2@ 3RD

15T

D 3RD IstT 2 3R

WORKER. GROUP SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT
Mechanical Maintenance® 5 3 - 217-455  700-720 - ND-.92 ND-.79 -
Electrical Maintenance 6 2 2 354-465 456480 470-480 ND-64 N N
Steam Operating Engineers 4 2 3 420-476 480 381-480 1] N |19
Boller Operators 6 3 5 321-477 480 401-480 ND-.18 ND N
Crane Operators & Area 4 2 1 420-473  360-480 480 ND-.45 MN-11 ND-.54
Laborers-Shredder House®* 9 - - 346-450 - - N - -
Laborers Quench Basins 5 3 3 291-491 480 369-480 MND-.38 ND-1.4 ND-1.4
Laborers Refuse Feed 2 2 3 420450 480 335-480 N 1 )] ND-.11
Laborers-Ash System 4 2 1 320-480  359-480 480 W-1.6 .21-.31 45

ND - Not Detected

*. There is oo third shift, rather there are two 12 hour shifts
*k Laborers of the shredder house work anly the first shift
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Personal Air Samples of the Three Work Shifts for Chromium

CHROMIUM OONCENTRATION

n DURATION RANGE (MINUTES) RANGE (ug/m3)
IST 20 3RD 1ST nn 3RD 1ST 20 IRD
WORKER, GROUP SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT
Mechanical Maintenance® 5 3 - 217-455 700-720 - .30-14 J1-14 -
Electrical Maintenance 6 2 2 354-465 456-480 470430 N-16 N-.23 ND-.55
Steam Operating BEngineers 4 2 3 420-476 480 381-480 Np-2.9 ND-.22 ND-1.0
Boiler Operators 6 3 5 321-477 480 401-480 ND-25 -1 M-1.6
Crane Operators & Area 4 2 1 420-473  360-480 480 ND-.53 ND ND
Laborers-Shredder Housed* 9 - - 346-450 - - ND-.98 - -
Laborers Quench Basins 5 3 3 291-491 480 369-480 51-2.6 .54-3.0 MWD-2.7
Laborers Refuse Feed 2 2 3 420-450 480 335-480 ND-1.5 .15-.22 Np-1.1
Laborers-Ash System 4 2 1 320480  359-480 480 .36-3.6  .23-1.7 ND
ND - Fot Detected
* There is no third shift, rather there are two 12 hour shifts
** Laborers of the shredder house work only the first shift
Table VD
Personal Air Samples of the Three Work Shifts for Beryllium
CONCENTRATION
n IRATION RANGE (MINUTES) RANGE (ug/m3)
1ST 2 3RD 1ST 2D D 1ST a0 3RD

WORKER GROUP

SHIFT SHIFT SHIFT SHIFT SHIFT

Mechanical Maintenance*
Electrical Maintenance

Steam Operating Engineers

Boiler Operators
Crane Operators & Area

Leborers-Shredder HouseX

Laborers Quench Basins
Laborers Refuse Feed
Laborers-Ash System

Ll - T - LB B - R ¥ )

[} [ VU L

NN W

W W N

217-455
354-463
420-476
321-477
420473
346-450
291-49%
420-450
320-480

700-720
456-480
480
480
360-480
480
480
359-480

€ &8 8 & 8 &

]

8 & &8 8

&€ & &

D - Mot Detected

* There 18 no third shift, rather there are two 12 hour shifts
** Laborers of the stredder house work only the first shift
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Table VE
Personal Air Samples of the Three Work Shifts for Nickel
N 1 7
15T Yy H) 3RD 15T 2N 3RD 1sT 20 3RD
WORKER. GROUP SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT
Mechanical Maintenance® 5 3 - 217-455 700-720 - ND-.46 +23-5.3 -
Electrical Maintenance 6 2 2 354-465 456-480  4T0-480 ND-16 R-.23 D
Steam Operating Engineers 4 2 3 420-476 480  381-480 MO-.19 o )
Boiler Operators 6 3 5 321-477 480 401-480 ND-1.2 N-24 ND-.36
Crare Operators &k Area 4 2 1 420-473  360-480 480 N-.71 ND N
Laborers-Shredder House** 9 - - 346-450 - - M-1.4 - -
Laborers Quench Basins 5 3 3 291-491 480 369-480 MD-1.1 .23-2.8 RND-.72
Laborers Refuse Feed 2 2 3 420450 480 335-480 .37-.92 ND-.30 1))
Laborers-Ash System 4 2 1 320-480 359-480 480 .16-.83 ND-.23 0.15
ND - Not Detected
X There 18 no third shift, rather there are twe 12 hour shifes
** Laborers of the shredder house work only the first shift
Table VI A
Personal Air Samples of Respirable Dust and Free Silica for the Three Work Shifts
RESPTRAELE DUST
n DURATION RANGE (MINUTES) OINCENTRATION RANGE (g /u3)
1IsT 2ND 3RD 1ST 20 3RD 1sT a0 3RD
JOB TTTLE/GROUP SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT
Mechanical Maintenance® 3 4 - 420-707 670-820 - 0.10-1.2 mN-3.1 -
Electrical Maintenance 6 2 2 373-447 480 480 ND-1700 H-.069 ND-.048
Stesn Operating Engineers 2 2 4 AAB-473 480 480 N-.24  N-.16  NO-.27
Boiler Operators 5 4 5 231-480 480 &445-480 «24-.50 N-.26 .073-.70
Crane Operators & Area 2 2 1 237-497 390-480  4BO 065-.072 .39-19 -30
Laborers-Stwedder Housed* 8 - - 333-480 - - -11-.51 - -
Laborers-690 Lewel 5 3 4 420-496 480 480 .30-.83 L20-.67  .13-.30
Laborers-4th Floor 3 2 2 420-047 480 480 ND-.22 ND-.08 .07-.20
Laborers-Ash System 5 1 2 420-497 480 480 J20-1.7 .20 J07-.30

ND - Not Detected
*  There is no third shift, rather there are two 12 hour shifts
*k Laborers of the swedder house work only the first shift

1104



Table VIB
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Personal Air Samples of Respirable Dust and Free Silica for the Three Work Shifts

n

DURATICN RANGE (MINUTES)

FREE SILICA
CONCENTRATION RANGE (mg/m3)

IST 2 3RD

IST

2D 3RD 1ST i ) 3RD

JOB TITLE/GROUP . SHIFT SHIFT SHIFT  SHIFT  SHIFT  SHIFT SHIFT SHIFT  SHIFT
Mechanical Maintenance* 3 4 - 420-707 670-820 - ™ ) _
Electrical Maintenance 6 2 2 373447 480 480 ) N D
Steam Operating Engineers 2 2 4  WAB-4T3 480 480 ) ) N
Boiler Operators 5 4 5  231-480 480  445-480 0 ND )
Crane Operators & Area 2 2 1 237-497 390-480 480 ™ N-20 N
Laborers-Shredder House®* 8 - - 313480 - - ND-31 - -
Laborers-690 Level 5 3 4 420-496 480 480 ) ™ MO
Laborers-4th Floor 3 2 2 420-447 480 480 ) N )
Laborers-Ash System 5 1 2 420-497 480 480 L) L) D

ND - Not Detected

& There 18 no third sghift, rather there are two 12 hour shifts

#%x Laborers of the shredder house work only the first shift

in the exposure of personnel is the unpredictably variable
nature of the refuse which makes it impossible to establish
definite exposure trends.

Medical surveillance of workers is still at an infant stage,
where only approximately 50 new workers have been exam-
ined for the purpose of establishing baseline medical data. This
data includes X-ray, pulmonary function testing, electrocar-
diogram and blood chemistry where the majority of workers
examined have been found with normal health. The goal of
this medical screening program is to eventually establish
baseline medical data on all employees followed with an an-
nual follow-up medical examination to prospectively follow
trends in the health of all employees.
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COMPARISON OF NUMBER AND RESPIRABLE MASS

CONCENTRATION DETERMINATIONS
T. TOMB = R. Haney

Mine Safety and Health Administration, Pittsburgh, Pennsylvania, USA

INTRODUCTION

Regulations pertaining to Safety and Health Standards for Sur-
face Metal and Nonmetal Mines; and for Underground Metal
and Nonmetal Mines in the United States are specified in Ti-
tle 30, CFR, Parts 56 and 57, respectively. In these parts of
Title 30, exposure limits for airborne contaminants are based
on the Threshold Limit Values (TLV) adopted by the ACGIH
(American Conference of Governmenta! Industrial
Hygienists) as set forth and explained in the 1973 Edition of
the Conference’s publication, entitled ‘“TLVs Threshold
Limit Values for Chemical Substances in Workroom Air
Adopted by ACGIH for 1973."* Exposure limits established
in this edition for various mineral silicate dusts containing less
than one percent quartz are based on the number of particles
per cubic foot of air.

In the 1976 Edition of the ““Threshold Limit Values for
Chemical Substances in Workroom Air,”” limits based on the
respirable mass of the dust per cubic meter of air that were
supposedly equivalent to previously recommended limits
based on the number of particles per cubic foot of air were
published in Appendix G. The bases for establishing the
equivalent mass concentration values were:

1. An empirical relationship, derived by Jacobson and
Tomb,! that indicated 5.65 mppcf was approximately
equal to 1 mg/m> of respirable dust sampled with an
Isleworth Gravimetric Dust Sampler, Type 113A.2

2. A relationship of 6 mppcf = 1 mg/m? developed from
a calculation that assumed that the average density for
silica containing dust is approximately 2.5 grams per
cubic centimeter and that the mass median diameter of
particles collected in midget impinger samplers,
(counted by the standard light field microscopic tech-
nigue) and in respirable dust samplers is approximate-
ly 1.5 micrometers (um).

In the 1986-87 Edition of the *“Threshold Limit Values for
Chemical Substances in Workroom Air’’ references to count
standards were eliminated. Respirable mass standards listed
were based on the above conversion or when a respirable
hazard had not been documented a total dust standard of 10
mg/m> was adopted. Additionally the recommended stan-
dard for respirable talc dust was reduced from 3 to 2 mg/m>.
Documentation for the rationale of these changes has not been
published.

Recognizing that an assessment based on a respirable mass
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limit would: be more relevant to the health hazard; provide
a method of assessing the quality of an environment which is
simpler; be less expensive and be more reproducible than the
count method; MSHA investigated the validity of the
equivalent respirable mass limits recommended. This in-
vestigation was principally performed to provide documen-
tation to support any legal actions that would result from the
use of the recommended limits as “‘equivalent’” standards.

The purpose of this paper was to investigate the validity of
the equivalent respirable mass concentrations recommended.
To accomplish this a review of the rationale published in the
1976 and subsequent TLV Handbooks was made, *‘Documen-
tation of the Threshold Limit Values™” was reviewed and em-
pirical relationships were derived from comparative
measurements obtained with a long running midget impinger
and a respirable dust sampler.

PROCEDURES

To develop the empirical relationships, comparative
measurements with the midget impinger and respirable dust
samplers were obtained at operations mining or processing
natural graphite, perlite, mica, diatomaceous earth and talc
{nonasbestiform). Although soapstone was another mineral
of interest, at the time of the study, no soapstone mines were

operational.

Samples collected with the midget impinger were analyzed
for mumber concentration using light-field microscopy follow-
ing the Bureau of Mines® standard microprojector technique.
The results were reported as millions of particles per cubic
foot. Respirable dust samples were weighed and the mass con-
centration of dust was determined and reported as milligrams
of respirable dust per cubic meter of air sampled.

The respirable dust sampler was that typically utilized by
MSHA's Metal and Nonmetal Mine enforcement personnel
to assess the respirable mass concentration of dust in an en-
vironment. Airflow through the respirable dust sampling
system was maintained constant at 1.7 liters per minute us-
ing either an MSA Model G, Bendix 3900 or Bendix BDX30
pump.

The various instruments used to obtain comparative
measurements were assembled into a package. Each package
contained two modified midget impinger samplers, two res-
pirable dust samplers and a total dust sampler. The modifi-
cation to the impinger consisted of replacing the standard



1 by 4.5 inch particle collection flask with a larger container
that would permit extending the sampling time of the impinger
from 20 minutes to four hours. Normally two packages,
located at different sampling sites at a respective mineral pro-
cessing operation, were used. The sampling time for com-
parative samples ranged from two to four hours. The number
of comparative samples cbtained for the respective minerals
varied.

The total dust samples were collected with a sampling system
similar to that used to collect the respirable dust samples, but
without the 10 mm nylon cyclone attached. Total dust samples
were also collected at a flow rate of 1.7 liters per minute. In
addition to determining the total mass concentration of the
aerosol in the environment, a representative number of the
total dust samples collected were particle sized with a Model
TA II Coulter Counter.

TREATMENT OF DATA

Empirical relationships between number concentration, in
mppef, and respirable mass concentration, in mg/m3, were
derived from the comparative measurements for the respec-
tive minerals using the method of least squares. For each
mineral, the best fit regression line relating the measurements,
standard error of estimate, Sy, and correlation coefficient,
r, were calculated. The standard error of estimate provides
a quantitative measure of the variability of the data about the
regression line and the correlation coefficient provides a
measure of the degree of linearity between the respective
variables (number and mass concentration).

Equivalent respirable mass concentration values derived from
the empirical relationships for each of the minerals were com-
pared to the equivalent mass concentration limits specified in
the 1976 TLV Handbook. In addition, respirable mass concen-
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Figure 1. Comparison of dust concentrations obtained from

midget impinger and respirable mass dust samples
at two graphite processing operations.
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tration equivalent values were calculated using the method
given in the Handbook and the parameters required for that
calculation; i.e., acrosol, density and mass median diameter

M),

Data obtained from the Coulter Counter analysis of the total
dust samples were used to characterize the size distributions
of the aerosols sampled. Count-versus-size data were con-
verted to mass-versus-size data mathematically for each
aerosol. Cumulative mass-versus-size data were plotted on
logarithmic-probability graph paper, and the mass median
diameter (Mg) and geometric standard deviation (og) were
determined using the graphic technique developed by Hatch
and Choate. The count median diameter (Mg) was then
determined using the relationship:

Log M, = Log Mg - 6.9078 Log? 0.

RESULTS AND DISCUSSION

Figures 1 through § graphically show the data for the com-
parative measurements obtained for the respective minerals,
the regression lines relating the count and mass concentrations
obtained and the standard error of estimate and correlation
coefficient for each of the relationships derived. The data com-
piled on Table I are: the density of the respective aerosols;
the recommmended limits specified in the 1976 and 1986 TLV
Handbooks; four count-to-mass ratios (R) derived from: (1)
the recommended count and mass concentration limits
specified in the Handbook; (2) the empirically derived regres-
sion equations; and, (3) and (4) the procedure given in the
TLV Handbook using the M, and M, valves that were deter-
mined to be representive of éae respective aerosols sampled.

A comparison (Table I) was made of the ratio (R) between the
count and mass concentrations (mppcf:mg/m?) recommended

4 L L L e

Moss conc = (.24 + 0.22 No. conc
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r* 098
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Figure 2. Comparison of dust concentrations obtained from

midget impinger and respirable mass dust samples
at two perlite processing operations,
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in the TLV Handbook for the respective minerals and the
ratios established from the empirical relationships and the
calculation method wsing both the My and M, derived from
the total dust samples. The comparison shows that only the
empirically derived count to mass concentration ratio
established for the mica and talc aerosols approximated the
values recommended in the TLV Handbook. None of the
ratios established from the calculation method agreed with the
values recommended in the TLV Handbook or with the em-
pirically derived values. It is apparent from the data that the
M; or My established from a total dust sample measurement
cannot be used to derive a factor for converting number con-
centration determinations to equivalent mass concentrations.

The method given in the TL.V Handbook for calculating a fac-
tor based on the My and density of the aerosol makes the

4 T Li o T v L v T T 1§
Mass conc * QI3+ 017 Noconc e
Sy = 045 mg/m3 .
reQ7T9

3} Cver7pet -
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Figure 3. Comparison of dust concentrations obtained from

midget impinger and respirable mass dust samples
at two talc processing operations.
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Figure 4. Comparison of dust concentrations obtained from
midget impinger and respirable mass dust samples
at two diatomaceous earth processing operations.
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implicit assumption that the size distribution of the aerosols
is similar; however, as the data show, the Mg and geometric
standard deviation differ significantly for aerosols found in
the same type of mineral operations as well as those estab-
lished for different mineral processing operations. It should
also be recognized that when using the calculation method
recommended in the TLV Handbook, a 15 percent difference
in the diameter used to calculate an equivalency factor can
result in a difference in the calculated equivalency factor of
greater than 60 percent. This is due to the fact that conver-
sion from a count to a mass concentration is a function of the
cube of the particle diameter.

Review of the documentation, published in the 1976 TLV
Handbook to arrive at, or substantiate, the value of ‘6’ as
the approximate factor used to obtain respirable mass concen-
tration values equivalent o previously recommended mymber
concentration values, showed that some of the supporting
documentation is questionable. First, it is not clear which
respirable dust criterion (that defined by the British Medical
Research Council [BMRC] or by the ACGIH) was assumed
to be followed by the respirable sampler when sampling the
respirable fraction of the dust. The empirical relationship of
5.6 mppcf to 1 milligram per cubic meter of air was derived
by Jacobsen and Tomb,! from comparative measurements
obtained with the midget impinger and the Isleworth
Gravimetric Dust Sampler, Type 113A, an instrument that
samples respirable dust according to the BMRC criteria. Mass
concentration measurements obtained with a respirable mass
sampler sampling respirable dust in accordance with the
ACGIH criteria would be significantly lower. For coal mine
dust, it has been shown? that the ratio between mass concen-
trations determined with an instrument sampling respirable
dust with respect to the BMRC criteria and an instrument
sampling with respect to the ACGIH criteria is 1.38.

Another questionable item deals with the statement that *“the
mass median diameter of particles collected in impinger
samplers and counted by the standard light-field technique and

20 T T
Mass conc = 0.2 +0.15 No. conc
Sysx =23 mg/m3 .

15} r-08s 1
CV=£71.9 pct .

14
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)
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o
3
3

Figure 5. Comparison of dust concentrations obtained from
midget impinger and respirable mass dust samples
at two mica processing operations.



Particle Characterization, Exposure Measurement and Control

Table I

Comparison of Values (R) Obtained for Converting Count Concentration
Data to Equivalent Mass Concentration Data

Recommended TLV R (gppcflgg!-3) Aerosol Parameters
Density Count , Mass Cale. Cale.

Aerosol gm/cmd appcE ug/nd TLV Emp (Mg) (Hi) My Mg o,
Graphite 1 1.76 15 2,5(1) 6 9.8 - 1.46 0.07 2.76 3.16
Graphite II 8.8 - 0.54 0.02 3.84 4.65
Perlite I 2.30 30 5 (1) 6 &.4 260 0.05 0.45 7.57 2.64
Perlite II 10 (2) 3.2 0.15 0.004 5.36 18.56 1.92
Talc I 2.75 20 3 (1) 6.6 5.5 2B 0.32 0.89 3.95 2.01
Tale I1IX 2 (3) 10 5.3 660 0.05 0.31 7.49 2,80
Diatomaceous 2.20 20 1.5¢1) 13 21,7 45 0.05 0.82 7.98 2.38
Barth 10 (2)
Mica 2,80 20 3 6.6 6.6 116 0.05 8,55 7.50 2.55

H$ = Count Median Diameter.
= Mass Median Diameter,
g, = Geometric Standard Deviation.
Eﬁ? = B Derived from Empirical Relationship.
Cale. (H$) = R Calculated Using Count Median Dismeter,
Calc, (Mg) = R Calculated Using Mass Median Diameter,

{1) Respirable Dust Concentration Based on 1976 TLV Handbook.
(2) Total Dust Concentration Based on 1986-87 TLV Handbook.
(3) Respirable Dust Concentration Based on 1986-87 TLV Handbook.

Table II

Particle Size Distribution Parameters Derived from
the 1 to 10 Micrometers Fraction of the Aerosols

Aerosol Parameters R (-_Epcflmﬂn:’)

Calc, Calc.

[ ] []

Aerosol HE !ﬁ 9g (HE) ("ﬁ)
Graphite I 0.52 2.79 2,11 506 1.41
Graphite IY 0.36 3.52 2.39 658 0.70
Perlite I 1.15 4,67 1.98 15.4 0.24
Perlite II 1.86 6.81 1.93 3.65 0.08
Talc 1 1.31 3.42 1.76 8.74 0.49
Tale II 1.17 1.22 1.13 12,3 0.25
Diatomaceous Earth 1.97 5.15 1,76 3.21 0.18
Mica 1,42 4,61 1.87 6,60 0.20

H$ = Count Median Diameter.

Hg = Mags Median Dismmeter.

O, = Geometric Standard Deviation.

Cale. (H$) = R Calculated Using Count Median Diameter.
Calc. (Mg) = R Calculsted Using Mass Median Dismeter,
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collected in a respirable sampler is approximately 1.5 pm.””
From the size distribution data obtained from the analysis of
total dust samples in the size interval from 1 to 10 micrometers
(Table II), and from comparing size distribution data from the
Coulter Counter analysis of comparative total dust samples
and impinger samples collected during these studies, it would
appear that 1.5 um would be more representative of the M,

than the M;. 'l‘lusxsalsosupportedbydataobtamedby
Cooper® in the Public Health Service’s study of the
diatomaceous earth industry. Itisalsohighlyun]ikelyﬂlatﬂle
M; of the particles collected in the impinger sample would
bethesameastheM of the particles collected in the
respirable dust sampler gemuse of the nonuniform selection
process of the particle classifier on the respirable dust sampler.

'Ihelastquestionableitemhastodowith the diameter used
in the calculation method to calculate an equivalent mass con-
centration. The example specifies using the M, . It appears
from the presentation and definition of vanous diameters
presented by Reist,” that the diameter which should be used
is the diameter of average mass; which is defined as repre-
senting the diameter of a particle whose mass times the number
of particles per unit volume is equal to the total mass per unit
volume of the aerosol. Although by definition this would ap-
pear to theoretically be the diameter to use, the recommend-
ed limits also could not be obtained when this diameter was
used in the calculation method.

Based on the review of the documentation in the TLV Hand-
book and the relationships derived from comparative
measurements obtained with the midget impinger and the per-
sonal respirable dust sampler, it is concluded that: (1) “‘6™
is not a factor that should be universally used to convert
number concentration data obtained from the analysis of
midget impinger samples using light-field microscopic tech-
niques to equivalent mass concentration data, (2) because of
the variability that occurs in the size distributions of the
aerosols sampled (even in the 1 to 10 micrometer size frac-
tion), it is unlikely that a single parameter characterizing an
aerosol can be used to calculate an equivalent mass concen-
tration; and (3) comparative measurements should be used to
derive the necessary factors for converting count concentra-
tion to equivalent mass concentration data.

SUMMARY

The validity of respirable mass concentration limits for
mineral dusts recommended in the 1976 and 1986-87 ACGIH
Threshold Limit Value Handbook as equivalent to previous-
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ly recommended number concentration limits was in-
vestigated. The investigation consisted of reviewing the
documentation in the 1976 TLV Handbook that was used to
support the respirable mass concentration limits recommend-
ed; deriving empirical relationships from comparative
measurement obtained with a midget impinger and respirable
personal dust sampler at industrial operations processing
graphite (natural), perlite, talc, diatomaceous earth and mica;
and comparing equivalent respirable mass concentration
measurements obtained from the derived empirical relation-
ships to those recommended in the TLV Handbook.

It was concluded from the investigation conducted that the
general relationship, 6 mppcf = 1 mg/m?, used to convert
particle count concentration data to respirable mass concen-
tration data was not valid. This conclusion was based on:

1. Equivalent mass concentrations established from the em-
pirical relationships derived from comparative impinger
and respirable samples did not always agree with those
recommended in the TLV Handbook.

2. The rationale supporting the 6 mppcf = 1 mg/m? rela-
tionship was questionable and could not be confirmed
using data collected during this investigation.

Because there was a significant difference in the empirical
relationships derived between count and respirable mass con-
centration determinations and attempts to mathematically
calculate equivalent mass concentrations were unsuccessful,
equivalent respirable mass concentration limits should be em-
piricafly derived using comparative measurements obtained
in the aerosol of interest.
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SIZE DISTRIBUTION OF RESPIRABLE COAL MINE DUST

P.C. THAKUR ¢ L.D. Taylor ¢ ..B. Riester
Consolidation Coal Company, Morgantown, WV, USA

ABSTRACT

The 1969 Coal Mine Health and Safety Act set a threshold limit value for respirable dust in U.S coal mines
at 2.0 mg/m?>. The upper limit of the respirable dust size is 10 micrometers on a unit density basis. Although
the lower limit is not defined, it can be measured to 0.1 micrometer with modemn instruments. The amount
of dust asscciated with each size interval from 0.1 to 10 micrometer represents the size distribution of respirable
coal mine dust. The size distribution is generally a function of the generation process, which in the case of
mechanical grinding, includes the breaking mechanism and more importantly the properties of the material
being mined. Coal mine dust is actually an aggregate of fine coal particles, roof and floor dust, rock dust,
diesel particulates (where diesel engines are in use), and fluid particles such as water and oil particles. Thercfore,
it is not surprising that the size distribution varies from coal seam to coal seam and sometimes even from mine
to mine in the same coal seam.

The paper reviews major past works and develops a size distribution function most suited for fine respirable
coal mine dust. Also investigated are changes in the distribution parameters of the composite dust when two
or more dust ciouds are mixed. Results of both laboratory and field studies are presented to confirm that coal
rank and depth of the coal seam significantly influence the distribution parameters.

No Paper provided.
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PERFORMANCE OF RESPIRABLE DUST SAMPLING

SYSTEMS IN UNDERGROUND COAL MINES

C.Y. HWANG, Ph.D. * G.W. Bonnell, B.Sc. ¢ G.R. Corbett *

D.A. Young * C.H. MacNeil

Canada Centre for Mineral and Energy Technology, Coal Research Laboratories,

Sydney, Nova Scotia, Canada

ABSTRACT

Our long-term research on respirable coal mine dust emphasizes the suppression of dust sources for the preven-
tion of coal workers’ pneumoconiosis. As part of this research, concentration measurements were made by
using various samplers it 2 Canadian underground coal mines. The dust sampling in longwalls and develop-
ment headings included fixed position and personal sampling. The airflow rates of sampling pumps deviated
on average 1.4% from initially calibrated values. The weight of a 37 mm diameter membrane filter changed
as much as 0.05 mg due to humidity.

The relationships specific to mine site and mining method, between concentrations measured by fixed posi-
tion sampling using different samplers and those determined by Casella gravimetric samplers (CGS-113A)
are described. Respirable dust concentrations determined by samplers consisting of DuPont (2500A) or Gilian
(HFS) pumps with Casella cyclones approached that by the CGS. The samplers made of MSA (F-F) pumps
with Dorr-Oliver cyclones measured respirable values on an average at 45.5% for Mine A and 58.5% for
Mine B of the values determined by the CGS. The respirable dust concentration ratio of Anderson eight-stage
cascade impactors to the CGS markedly varies as a non-linear function of dust level. The shifi-length average
concentrations determined by a light-scattering systern SIMSLIN H were lower than those by the CGS. A Hund’s
dust monitor TM-DATA measured the concentrations nearly equal to that by the SIMSLIN II. The differences
in instantaneous dust level between the 2 systems are presented for coal cutting time.

Precision and practical aspects of coal mine dust measurements and implications of assessing the miner’s health
risk due to prolonged dust exposure are discussed.

INTRODUCTION

The etiology of coal workers’ ppeumoconiosis has not yet been
fully understood. The prevention of this occupational disease
thus depends upon elimination of airborne coal mine dust to
which miners are exposed. The objectives of the Canada Cen-
tre for Mineral and Epergy Technology (CANMET)
respirable dust research program are directed to the suppres-
sion of the respirable duyst in coal mine environments.

Numerous dust sampling systems or dust monitors are
available and have been used for dust measurement by the
mining industry. For long-term evaluation of dust exposure
and for assessment of effectiveness of a dust suppression
measure, it is essential that the measurements made by dif-
ferent samplers be reproducible and comparable. This paper
describes part of CANMET’s dust research program which
evaluated the performance of various types of dust sampling
systems tested in two Canadian underground coal mines
covering three periods of time, i.e. December 1984-March
1985; December 1985-June 1986; and January-February
1987.
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INSTRUMENTS AND METHODOLOGY

Gravimetric Samplers

A Casella Gravimetric Sampler (CGS) Type 113A employs
a horizontal ehztriator to remove non-respirable sized particles
by gravitationa! settlement. A personal sampling system
(which can also be used as a fixed position sampler) consists
of an electronically flow-controlled pump and a cyclone that
selects dust particles by centrifugal action. A cascade impac-
tor is another particle size selector used in a sampler based
on inertial impaction. The Anderson (Marple) Cascade Im-
pactor Model 298 has eight stages of dust collection.

Light-Scattering Real-Time Dust Monitors

Two real-time dust monitors were used: a SIMSLIN IT and
a Hund's TM-DATA. The SIMSLIN Il employs a horizon-
tal elutriator as a dust particle size selector. Its laser light
source has a wavelength of 0.904 um and the scattered light
by dust particles is detected between 12-20 degrees to the
forward direction. The TM-DATA has, as its light source,
an infrared light beam with a wavelength of 0.950 gm. This



instrument measures the light scattered by dust particles at an
angle of 70 degrees to the direction of the beam. Although it
does not employ a horizontal elutriator the use of this scat-
tering angle and the specific wavelength permits the measure-
ment of respirable dust concentration. Both the SIMSLIN IT
and the TM-DATA are portable and thus useful in evaluating
real-time dust levels for various coal winning activities. Their
output signals may be fed to a computer for analysis, com-
parison, and graphical presentation.

Field Dust Sampling and Performance Tests

Both fixed position and personal sampling were used in
CANMETs dust sampling program. Personal dust sampling,
either face-time or portal-to-portal, directly provides infor-
mation on individual dust exposure. For the fixed position
sampling, specific locations were chosen for shift-length
sampling in longwall sections and development headings of
two underground coal mines (Figure 1). Station D, which is
in the tailgate 70 m from the faceline, is a statutory dust con-
trol point of an advancing or a retreating longwall. It was this
location where various samplers or dust monitors were tested
side-by-side at breathing zone height. Similar tests were also
carried out at Station Q which is 100 m from a development
heading (Figure 1). The results of performance test work
which will be described in this paper were obtained by fixed
position sampling in five longwall sections of Mine A, in two
longwall sections of Mine B, and in one deep development
heading of Mine B during the three periods of time as indicated
previously.

RESULTS

Sampling Airflow Rates

The pump of each sampler used with a specific type of filter
was calibrated at CANMET’s Cape Breton Coal Research
Laberatory prior to sampling. Following a shift-length survey,
the flow rate of this pump was again determined. The absolute
differences or deviations between the initial and final flow
rates were calculated and expressed as percentages of the in-
itial flow rates. The mean deviations determined in various
mine sites appeared different for each pump type used with
the samplers. With DuPont pumps in the walls of both mines,
the mean deviation varied from 0.7 to 1.0%, while with Gilian
pumps in Mine B the mean deviation varied from 1.2 t0 1.4%.
The mean deviation of CGS was higher (2.1%) in Mine A as
compared with those evaluated in Mine B for wall sections
(0.9%) and for a development heading (1.0%). The individual
deviation in the flow rate ranged from 0 to0 6.2% in the two
mines for CGS; for all the personal gravimetric samplers, the
deviation ranged from 0 to 7.1% in the mines.

Filters as Dust Collection Media

Membrane filters react by weight change in various en-
vironmental conditions. Millipore membrane filters (made of
mixed cellulose acetate and nitrate) gain weight when the sur-
rounding hurnidity increases. The enclosed weighing chamber
of an electro-microbalance (CAHN C-29) can be a different
environment for a membrane filter as compared to the
laboratory environment. Therefore the time during which a

Particle Characterization, Exposure Measurement and Control

filter is kept in the chamber before a reading is made, becomes
an important factor when weighing filters. We make use of
an air conditioner and blanks to overcome this problem. Other
filters such as Nuclepore polycarbonate and glass fibre filters
showed negligible weight loss. An ionizing unit (Staticmaster)
was also used to eliminate static charges on all the filters before
weighing.

Variability of Concentration Measurement made by
Casella Gravimetric Samplers Type 113A

Two to three sets of the Casella Gravimetric Samplers (CGS)
were used for each dust survey. The standard deviation and
percent variation expressed as a percentage of the average of
concentrations measured by the CGS, were evaluated for each
sampling shift and are shown in Figure 2, in which the abscissa
represents the concentration values normalized to the max-
imum average concentration determined during a specific
shift. This variation in standard deviation (Figure 2a) from
0.01 mg/m?3 to 0.34 mg/m? appears to be fixed regardless of
the normalized concentration and thus indicates a systematic
error of measurement as high as 0.34 mg/m>. The percent
variation (Figure 2b) varies from 0.1% at the normalized con-
centration of 0.61 to 10.3% at 0.23. For Mine A, this varia-
tion appears to decrease with increasing concentration but for
Mine B, it increases slightly as the concentration increases.

Relative Respirable Dust Concentrations Determined
by Personal Gravimetric Samplers

At the dust control points of the wall sections of Mine A and
Mine B, three to five sets of personal gravimetric samplers
(one set with the Dorr-Oliver cyclone and the others with
Casella or Rotheroe/Mitchell cyclones) were installed side-
by-side with CGS. The standard deviation and percent varia-
tion obtained for the samplers using the Casella cyclones are
shown in Figure 3. For comparison purposes those evaluated
in a dust chamber by using 12 sets of the personal samplers
are also included. The variation in standard deviation (Figure
3a) from 0.03 mg/m3 to 0.45 mg/m? in the two mines ap-
pears to be fixed regardless of the normalized CGS concen-
tration. The result of testing in the dust chamber (Figure 3a)
has shown a systematic error of measurement as high as 0.44
mg/m? in the normalized concentration range of 0.24 to
0.65. A high standard deviation value (0.56 mg/m>) has been
observed in the dust chamber beyond the concentration range
of interest. Regardless of the mine type, the percent variation
decreases from 9.2% to 1.1% in the concentration range of
0.2 to 1.0 (Figure 3b). Similar to the variations of CGS, the
percent variations of the personal samplers in Mine B are less
than those determined in Mine A_ The overall decreasing trend
of the percent variation observed in the two mines has been
verified by the results obtained in the dust chamber.
Regardless of mine dust concentration, the average of percent
variations (1.9%) evaluated in Mine B was less than the
average (5.3%) in Mine A.

For each individual sampling system, the ratio of respirable
dust concentration measured by this sampler during a sam-
pling shift to the average of concentrations determined by CGS
in the same shift was calculated. The ratios were grouped by
sampler type for the two mines in Table I. On the longwalls
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Figure 1. Fixed position sampling locations in (a) an advancing longwall section, in (b) a retreating
Iongwall section and (c) a development heading.
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Table 1

Average of Ratios of Concentration Measured by a Personal Sampling System
to the Averaged Concentration Determined by the
Casella Gravimetric Samples (CGS) 113A

Mine A Mine B Mine B

Sampling (5 Walls) 2 Walls) (1 Development Heading)
System Average Standard Average Standard Average Standard

Ratio Deviation Ratio Deviation Ratio Deviation
pcuM!l 0.89 (12)* 0.11 1.01 (5) 0.03 1.09 (2) 0.15
pCG2 0.89 (8) 0.08 1.01 (7) 0.04 1.11 (2) 0.06
GeM3 0.99 (&) 0.06 1.05 (4) 0.04 - -
GCG* 0.96 (4) 0.04 1.04 (6) 0.04 1.11 (2) 0.01
DCN? 0.92 (&) 0.06 1.05 (4) 0.04 - -
MCMO 0.94 (5) 0.12 - - - -
McG/’ 0.89 (2) 0.13 - - - -
Mnp3 0.45 (9) 0.03 0.58 (6) 0.04 0.60 (2) 0.09
IpcM = DuPont Pump + Casella Cyclone (or Rotheroe/Mitchell Cyclone) +

Millipore (MP) Mixed Cellulose Acetate and Nitrate Membrane

Filter (37 mm dia., 0.8 um pore).

2DCG = DuPont Pump + Casella Cyclone + Glass Fibre (GF) Filter
{37 mm dia., 1.5 ym pore).

36cM = Gilian Pump + Casella Cyclone + MP Membrane Filter.

4GCG = Gilian Pump + Casella Cyclone + GF Filter.

S5pDCN = DuPont Pump + Casella Cyclone + Nuclepore Polycarbonate
Membrane Filter (37 mm dia., 0.8 um pore).

OMCM = MSA Pump + Casella Cyclone + MP Membrane Filter.

’MCG = MSA Pump + Casella Cyclone + GF Filter.

8MNP = MSA Pump + Nylon Cyclone + EVC Filter (37 rmm dia., 0.8 pm pore).

*Number of ratios averaged for each sampler type is shown in parentheses.

of the two mines, the averaged ratio appeared to be different
from one sampler type to the other. The ratios evaluated for
Mine A were less than those determined for Mine B. The
average ratio obtained in the development heading of Mine
B had greater values than the two walls of this mine had for
four types of sampler. The average ratios determined by the
samplers with the nylon cyclones had approximately one-half
the values of those evaluated by the samplers with the Casella
cyclones both in Mine A and in Mine B.

Measurement of Respirable Dust Concentration and
Particle Size Distribution by Marple Personal Cascade
Impactors Model 298

Two Marple (Anderson) cascade impactors, M1 and M2,
were employed in two wall sections of Mine A and in one wall
section and a development heading of Mine B. To evaluate
respirable dust concentration, the mass determined for Stages
No. 5 through No. 8 and for the backup filter were summed
as the respirable portion which represented particles less than
6 pm in acrodynamic equivalent diameter. The relative
respirable dust concentrations determined in the wall sections

of the two mines by the impactors are plotted in Figure 4, ver-
sus the average CGS concentration normalized to the max-
imum CGS concentration value. The relative concentration
ranged from 0.81 to 1.24 as determined by the impactor M1,
and ranged from 0.69 to 1.18 as determined by the impactor
M2 in the normalized CGS concentration range of 0.26 to 1.0.
The relative concentrations appear to decrease non-linearly
with increasing mine dust levels determined by CGS. For M1
and M2, the size distributions (expressed as percent by mass)
obtained from four tests in the wall sections of Mine A, six
tests in the wall section of Mine B, and two tests in the develop-
ment heading of Mine B were averaged and shown in Figure
5. There are larger proportions of particles with sizes greater
than 6 um (expressed in geometric mean diameter, G.M.D.)
in Mine A as compared with the distributions obtained in Mine
B. The size distributions obtained in the development heading
had a greater proportion of particles with size less than 6 um
as compared to those obtained in the wall section of Mine B
or the wall sections of Mine A. It must be noted that in
calculating a size distribution, the dust collected on the
substrate of the first stage (with a G.M.D. of 32 um) and the
backup filter was not used.
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Figure 4. Relative respirable dust concentrations determined in Mine A and Mine B by the samplers
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SIMSLIN II and by Casella Gravimetric Samplers (CGS) in Mine A, Mine B and in the

dust chamber.

Measurements of Respirable Dust by Real-Time Dust
Monitors

A factory-calibrated SIMSLIN II monitor was tested side-by-
side with CGS at the control points of the longwalls of the two
mines. The end of shift average concentrations determined by
the SIMSLIN’s light-scattering system were found to be less
than the CGS concentration with an average concentration
ratio 0.60 for Mine A and 0.81 for Mine B. The linear rela-
tionships between the SIMSLIN’s concentration and those
measured by CGS are depicted by Figure 6 for Mine A, Mine
B, and the dust chamber. The regression line representing
Mine A is markedly different from the line obtained in Mine
B. The line derived from the tests in the dust chamber appears
to be similar to the line representing Mine B.

Three shift-length tests have been carried out in Mine A jn
order to compare the dust concentrations determined by TM-

1120

DATA with that determined by SIMSLIN II and by CGS.
Table II shows the end-of-shift average concentration relative
to the CGS concentration obtained in two wall sections, The
relative concentrations determined at the wall section (coded
WEF) by the two monitors were almost identical, but in the test
at the wall WE, the relative concentration by TM-DATA was
greater than that measured by SIMSLIN II. Although there
are some differences at the beginning of some coal cutting
periods, the concentration recordings by the two monitors ap-
pear similar (Figure 7). When a shearer started coal cutting,
TM-DATA recorded a concentration peak higher than the
peak registered by SIMSLIN II; such a difference may
characterize TM-DATA which does not employ an elutriator
as a particle size selector. TM-DATA does not have a time
delay due to the fact that it has no pump and consequently no
internal tubing.



DISCUSSIONS

The measurement of respirable dust concentrations by
gravimetric techniques is subject to variations in the sampling
flow rate of pumps, the handling of filters, and in the filter
weight change caused by humidity or static electrical charges.
The sampling systems, if used for personal sampling instead
of fixed position sampling, are subject to more variaticns due
to the additional movements and impacts associated with
mounting the devices on mobile miners. A Casella
Gravimetric Sampler’s flow rate may deviate as much as
6.2%. The flow rate deviation of a personal gravimetric
sampler has a maximum value of 7.1%. The overall filter
weight change has been as high as 0.34 mg for a change in
laboratory relative humidity of 20%.

The precision of respirable dust concentration measurements
by using one type of gravimetric sampler increases with in-
creasing mine dust levels. For the Casella Gravimetric
Samplers (CGS) and the personal samplers with Casella
cyclones, the percent variation may take a value aslowas 1%
to 3% in mine locations with a dust level above 6 mg/m’;
below 6 mg/m3 the variation could reach a value as high as
10%. Thus, any concentration value determined by & given
type of gravimetric dust sampler relative to the CGS is sub-
ject to greater percentage errors when it is employed in a lower
dust level. However, the results described in this paper in-
dicate that such variability also depends to some extent on the
mine type. Retreat longwall mining generates airborne dust
mainly by the shearer’s cutting and face support movement
while advance longwall mining generates the dust by the coal
cutting activity as well as various activities in the headgate and
the tailgate. It has been shown that dust particle size distribu-
tions are different between the two mines. Furthermore, the
two mines work different coal seams and thus the nature of
the airborne dust particles (¢.g. mineralogical composition)
may vary from one mine to the other.

‘When a cascade impactor is used as the size selector for the
measurement of respirable dust concentration, there is
evidence that the measured relative concentration varies non-
linearly with increasing mine dust level. This change in the
relative respirable dust concentration has been explained
elsewhere.! The linear relationships between the SIMSLIN's
data and that obtained by the CGS in the two mines are dif-
ferent and thus indicate that the nature of the dust particles
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in addition to size distribution may also play an important role
in the differences resulting from the concentration
measurements made by using a light-scattering technique.?

Errors introduced in the measurement of respirable dust con-
centration imply uncertainty in assessments of the risk of
pulmonary diseases in miners. This problem becomes more
serious if the concentrations measured in a limited number of
sampling shifts are to be used retrospectively for the evalua-
tion of occupational dust exposure of miners. The activities
of mechanized long wall mining have resulted in marked
variation in shift-averaged concentration measured from time
to time at the sarne wall section. Most of the past health studies
in relation to long-term dust exposure were based on the dust
levels measured by the CGS samplers, which have varying
degrees of precision when used in different mine sites or in
dust clouds with different dust particle size distributions. If
any other type of gravimetric dust sampler were chosen to
measure dust levels for the purpose of indirect risk estima-
tion, the magnitude of errors in the estimation would be
greater than that based only on the CGS measurement.
Although the dust concentration measurement by a light-
scattering technique provides information on instantaneous
and time-averaged dust levels, the measured values may not
indicate precise mass concentrations for the stated reasons.
Thus those measured values are less useful for an exposure
assessment. However, a real-time dust monitor is useful to
evaluate relative change in dust level within a short period of
time in a production shift and for determining the effectiveness
of a dust suppression technique.

The following is an example to illustrate the effect of
respirable dust concentration measurements on the assessment
of health risk of a miner. If a mean coalface concentration is
4 mg/m? and if an overall error of 10% (i.e. + 0.4 mg/m?)
were introduced by concentration measurements, the proba-
bility that a miner with no pneumoconiosis (in the International
Labour Organization category 0/0) is classified into the
category 2/1 or higher after 35 years of dust exposure would
be overestimated by 0.0096 or be underestimated by
0.0082.3

With sound knowledge of the relative performance of the
various samplers described, we shall routinely use for fixed
position and personal sampling, the gravimetric samplers

Table 11
Shift-Length Side-by-Side Tests of TM-DATA
and SIMSLIN II in Two Longwalls of Mine A

Concentration Relative to the

Wall Shift Average CGS Concentration
Code Code TM-DATA SIMSLIN II
WF #1 0.68 0.66
#2 65 0.66
VE #3 0.78 0.65
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